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WHICH TOOLS COST YOU THE MOST 


Of All The Tools Illustrated Above, The Most 
Costly —by far— Are Your Worker’s Hands! Your 
plant probably is spending thousands every year 
keeping tools and machinery in good shape. O.K. 
—that makes sense! But, what about the most 
expensive production tools you use — your work- 
er’s hands? Are you risking them on cheap, ineffi- 
cient profit-stealing, irritating “bargain” soaps? 
Industry has too long “hush-hushed” the exist- 
ence of dermatitis in its plants. Today, intelligent 
management is bringing this problem out in the 
open... and doing something about it! It might 
be hard to “put your finger on” the cost of un- 


THE WASHWORD 


Sugar Beet Products Co. 
Chemical By-Products Division 
302 Waller St., Saginaw 28, Mich. 


healthy hands in your plant . . . but medical ¢ 

histories by the score underline one fact — it a 
pay you to look into scientifically formulate 
skin cleansers. 


Here’s how you can effect a money-saving, p 
duction-saving, dermatitis-free condition in yo 
plant — easy and fast. Let us put our 25 years 
specialized “know-how” of industrial skin cle 
liness to work for you. Send for descriptive lit 
ature offering a valuable SBS program for achies 
ing skin health in your plant — for the very 

amount of money you are now spending on ordi 
nary hand soaps! Write to us today. 


OF INDUSTRY 


Canadian Subsidiary 
Chemical By-Products, Ltd. 
8 Ripley Ave., Toronto 3, Canada 
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The Experimental Animal—Man 
—in Industrial Hygiene 


The Donald Cummings Memorial Lecture 


JAMES H. STERNER, M.D., Rochester, New York 
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N THE PRESENT evolutionary 

stage of industrial hygiene, 
the problems arising from an 
increasingly complicated in- 
dustrial technology have be- 
come so intense and so com- 
plex that the general practi- 
tioner of industrial hygiene is 
fast giving way to the special- 
ist. Of course, we are not the 
only discipline which is un- 
dergoing this transition. Per- 
haps we should be less sur- 
prised since in most other 
branches of scientific endeav- 
or, specialization usually occurs only after a 
common, basic training period, a trunk 
from which the branches of specialization 
diverge. 

In contrast, in industrial hygiene, a re- 
flection on the antecedents of many of the 
leaders shows little in common, so far as 
formal technical training. One may have ar- 
rived from a background of chemistry, an- 
other from engineering, still another from 
geology, and, it may be proper to add, from 
medicine. I don’t know of anyone in our pro- 
fession who arrived via the ministry, but 
there have been times when I felt that a 
Doctor of Divinity might have had a better 
solution for the problem than the one I was 
capable of offering. The common denomi- 
nator for these individuals in industrial hy- 
giene developed after they had finished 
their formal training. It is always a source 
of wonder to me that as complex and diverse 
a subject as the multiplicity of health haz- 
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ards found in our factories, 
mills, and mines could produce 
among individuals with such 
varied backgrounds a common 
way of thinking and acting. 

Many of us have viewed 
with concern the trend in in- 
dustrial hygiene toward spe- 
cialization, chiefly, I think, be- 
cause it means a possible loss 
of the free and informal inter- 
change of ideas from many 
disciplines, a condition which 
prevailed in the early meet- 
ings of this Association and 
to which many of us, who came into indus- 
trial hygiene without formal orientation, 
owe so much for what little understanding 
we may have acquired. In our nostalgia, 
however, we are apt to confuse the purely 
intellectual rewards with the undeniable 
pleasure of the friendships which developed. 

It might even be alleged that we huddled 
together for the warmth of mutual appre- 
ciation, for at times this seemed to be our 
only source of recognition. 

The demands of this ever more compli- 
cated industrial technology and of the di- 
versity of incident physical and chemical 
hazards, has brought about a considerable 
increase in the number and variety of people 
required to control these problems. We now 
recognize the industrial hygiene chemist, 
the industrial hygiene engineer, the in- 
dustrial toxicologist, the health physicist, 
the industrial hygiene physician, and, more 
recently, the air and water pollution expert, 
as separate and distinct categories of what 
we once called an “industrial hygienist.” 

The many benefits of this specialization 
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are obvious, but we must provide a fluid and 
effective means of communication between 
the chemist, the engineer, the physicist, the 
toxicologist, the physician, and the other 
specialists brought into industrial hygiene. 
There must result from this interchange of 
ideas not only an appreciation of each 
team member’s contribution, but an ability 
actually to bridge the gap between the dis- 
ciplines, to synthesize, from the offerings of 
each of the fields, the solutions to the ever 
more complicated problems. Each member 
specialist must not only contribute the in- 
formation he is most qualified to give, but 
also must encourage a sympathetic, intel- 
ligent, and mutual understanding. 

My subject, “The Experimental Animal, 
Man, in Industrial Hygiene,” was selected 
with several purposes in mind. First, the 
major part of my work has been directly 
concerned with this subject, and if I am to 
follow the admonition and recommendation 
made above concerning the sharing of 
knowledge among the industrial hygiene 
team, this would seem to be my proper con- 
tribution. Second, and here there is ulterior 
motivation, the subject is sufficiently broad 
to permit the inclusion of some ideas which 
do not seem appropriate for the usual scien- 
tific paper, but which I believe may be of 
mutual interest and value, and proper on 
this occasion. 

The animal species, homo sapiens, or man, 
has been an experimental subject in occupa- 
tional exposures from the very beginning of 
activities which could be called an occupa- 
tion. The recognition of the existence of 
toxic fumes and dusts associated with work 
in mines and smelters extends back many 
centuries. In each era, the monetary value 
of the man, at first in terms of replacement, 
largely determined to what extent the crudé 
control measures were applied—in some 
cases by limiting the working time, in 
others by rudimentary filters worn over 
the nose and mouth, and later by the begin- 
nings of specific ventilation devices. These 
exposures, like the ones encountered in in- 
dustry today, were incidental or accidental, 
an unwanted and objectionable by-prod- 
uct in the making of things to enhance 
man’s standard of living. 

An equilibrium is established between 
the desire to transmute the natural re- 
sources into useful things and the penalty 
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which seems to be coincidentally and inex- 
orably exacted by occupational injuries and 
disease. The cost of these disabilities, orig- 
inally born solely by the workman, is now 
generally accepted, in major part, as a prop- 
er charge against cost of production, and is 
added to the selling price of the goods. A 
growing and impelling social concern for 
human suffering has added appreciably to 
the monetary motivation for controls, and 
by changing the emphasis from compensa- 
tion to prevention has stimulated the 
growth of industrial hygiene. The fact that 
the costs may appear in the engineering or 
operating expense as ventilation equipment 
or process modification rather than com- 
pensation payments for the injured work- 
man does not really change the basic charac- 
ter of this equilibrium. 

The concept that man in his occupational 
environment is the subject of a continuing 
industrial hygiene experiment may seem 
absurd, or at least novel. Certainly the 
workman in the plant, particularly if en- 
vironmental factors are reasonably well con- 
trolled, does not usually consider himself an 
experimental subject. When one reflects, 
however, on the history of threshold limits, 
it becomes apparent that many of our 
present standards have resulted from just 
such a succession of experimental events. 

A pattern which has been repeated many 
times, begins with the introduction of a new 
industrial substance and an apparent as- 
sumption that it will be innocuous under 
the conditions of use. If injurious effects 
are observed in the exposed workmen, an 
effort is made to reduce the exposure. Then 
follows another trial period at this reduced 
level. If injury is again noted, a still further 
reduction is made, and so through a series 
of step-wise trials until a set of conditions is 
reached which is acceptable. 

The criteria for such acceptability are 
constantly being modified under the in- 
fluence of changing social attitudes, the 
recognition of the effect of discomfort on 
productive capacity, and the identification 
of delayed or obscure injury as our diagnos- 
tic procedures become more acute. Thus 
since the assumed acceptable threshold 
limit of today may require modification as 
further data develop, the experiment is 
never ended. Even in the situation where 
an industrial substance has never been 
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known to cause an injury, the element of 
the experiment is present. Here a descrip- 
tion of the circumstances under which the 
safe handling has occurred would essential- 
ly define a kind of threshold limit for that 
material, and the absence of a scientific ob- 
server does not negate the element of ex- 
perimentation. 

Many perplexing problems are encoun- 
tered in the study of our experimental sub- 
ject, man, in relation to his occupation. 
Some of these problems have recurred with 
such frequency, certain of his complicating 
behavior patterns have appeared so re- 
peatedly, as to signal their importance. The 
difficulties in achieving an understanding 
are not due solely to the peculiarities of 
the experimental subject, but in many in- 
stances are a direct result of the fact that 
the observer or investigator is susceptive 
to the same characteristics and limitations. 

Of these recurring and complicated prob- 
lems, the one dealing with individual sus- 
ceptibility is as common and as confused as 
any. The basic relations, as defined by pure- 
ly objective data are not simple, but have 
been confounded by ignorance and sloven 
thinking, and on occasion, by deliberate dis- 
tortion. In the practice of industrial hy- 
giene, the standards of acceptance for an 
occupational disease are those established 
on good epidemiological principles. There 
are two sources of information which do 
not seem to require such critical criteria, 
which sometimes take extreme liberty with 
scientific credibility, but which may exert 
an influence far beyond their basic merits. 
The first of these is the case report, fre- 
quently an isolated observation, without 
quantitative measurements of environmen- 
tal factors, and by an observer who has had 
little or no previous experience with intoxi- 
cations of this type. 

A considerable number of these cases in- 
volve an uncommon or poorly defined syn- 
drome, which if occurring in a person 
without significant exposure would be ac- 
cepted as idiopathic, or having no recog- 
nized cause. I have seen a reliable physician 
ignore a long course of therapy with sulfa 
drugs, followed by a mixture of antibiotics, 
and focusing attention on an exposure to an 
industrial chemical, attribute an obscure 
vascular disease to this latter single factor. 
This, in spite of the fact that experience 
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with the industrial compound had included 
many individuals at greater levels of ex- 
posure without a single untoward reaction. 

The second area in which epidemiological 
principles are frequently ignored is in 
workmen’s compensation cases. We would 
agree that “the benefit of the doubt” should 
be given to the workman, but believe that a 
greater distinction should be made between 
the terms “possible” and “probable.” At 
least, the social pressures and legal obfusca- 
tion, which weigh heavily in these determi- 
nations, should be recognized as such and 
the alleged relationship judged on more 
objective factors. 

It is always confusing to hear a physi- 
cian extend the concept of individual sus- 
ceptibility far beyond that which he adopts 
in his daily administration of medications. 
In practice, the physician has little hesita- 
tion in giving a dose of medicine which is 
one-tenth or one-twentieth of the lethal dose, 
and excepting in infrequent cases of sensiti- 
zation or allergy, serious toxic reactions 
rarely occur. His experience, and that 
gained from the experience of other physi- 
cians in administering drugs, place rela- 
tively narrow limits on individual suscepti- 
bility. His testimony on the effects of in- 
dustrial chemicals is too frequently based 
on a different set of standards. The signifi- 
cance of single case reports and of work- 
men’s compensation decisions in summary 
articles must be critically scrutinized. 

A perennially recurring problem that is 
posed in many forms, involves the substitu- 
tion or supplement of a program for limiting 
exposures through usual industrial hygiene 
techniques, by the feeding or administra- 
tion of a food element or other chemical. 
The proposals have ranged from milk for 
lead poisoning or zine chills, to vitamins 
for a variety of possible ills, to a more 
modern supplement of complexing or chelat- 
ing agents, as an hors d’oeuvre for lead in- 
take. The majority of the proposed items 
can be dismissed as having no beneficial ef- 
fect in these circumstances. In fact, in 
one instance, encountered early in my ex- 
perience, an unexpected and opposite re- 
sult occurred. A lead burner, reporting for 
an examination, asked bluntly, “Can’t I stop 
taking that damned milk?” It developed 
that for a number of years the lead burners 
in the plant had been required to drink a ra- 
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tion of milk, supplied by the company. (I 
never could find out how it started.) Things 
went well for a long time until a new sup- 
ervisor, eager to do the right thing in pro- 
tecting his men, developed the reasonable 
idea that if a quart of milk a day was good, 
four quarts was very much better. And four 
quarts, drunk under the zealous eye of the 
new group leader, was sufficient to impair 
the appetite. The affair wasn’t a complete 
loss, however, as the complainer in this in- 
stance lost six pounds of some 40 he should 
have lost anyway. The real fallacy though— 
in fact the real danger—in the use of pro- 
tective factors of this type lies in the sub- 
stitution of a questionable or possibly harm- 
ful device for dealing with an excessive in- 
take of a toxin rather than emphasizing the 
prevention of that intake by effective indus- 
trial hygiene controls. 

An essential factor in the study of man in 
his industrial setting, is a set of normal 
values for each of the characteristics which 
may be needed to evaluate possible harm- 
ful effects. 

One of my first disillusionments in this 
field was an attempt to apply norms obtained 
from medical textbooks to the industrial 
population under study. It should have been 
obvious that data for blood counts obtained 
from 86 “normal” medical students would 
not be suitable for comparison with a popu- 
lation in an industrial plant. It took more 
experience to learn that data from indus- 
trial populations in different parts of the 
country were not unrestrictedly interchange- 
able. Even the reporting of such findings 
can be hazardous. On one occasion in pre- 
senting a picture of an industrial popula- 
tion to a Southern medical society, I com- 
pared data on red cell counts obtained in 
New York State and in Tennessee. The New 
York State erythrocyte count average was 
300,000 greater than that of Tennessee. The 
possible explanation that differences in diet 
or more effective general preventive meas- 
ures accounted for the discrepancy was ac- 
ceptable to the society, but I made a grave 
error in my conclusions in stating specifical- 
ly that “the men of the North were more 
red-blooded than the men of the South.” 

In developing norms on an_ industrial 
population one is impressed with the greater 
variability of many characteristics than 
medical school teaching would indicate. 
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Since people at work are in varying states 
of health, the industrial population norm 
will include subjects with diabetes, heart 
disease, arthritis, and a host of other condi- 
tions which are not “normal” in the usual 
sense of meaning “free from disease.” The 
physician who is new to industry frequently 
is surprised by the number of people with 
significant pathology of long standing who 
are, nevertheless, free from any symptoms, 
capable of performing a good day’s work, 
and who show normal values for a variety 
of laboratory tests. 

Recently a proposed safe practice bulle- 
tin on benzene recommended that individu- 
als with white blood cell counts less than 
5,000, and more than 10,000, be excluded 
from work with this solvent. Distribution 
values for leukocyte counts obtained in our 
studies on industrial populations in the 
east, south, and far west, would indicate 
that such criteria are too rigid, and that 
many normal individuals would be excluded, 
needlessly, from work involving this expo- 
sure. 

Not all of the variability in such data is 
due to the subject material. Many of our 
clinical laboratory techniques have a con- 
siderable inherent variability—and to this 
must be added the variability due to the 
technician. We have observed a number of 
instances in which a statistically significant 
result just wasn’t so. In one important in- 
stance, the “trend,” initially interpreted as 
due to a toxic reaction, was actually the re- 
sult of the fading of a colorimeter filter. In 
another case, with a significant “trend,” the 
prolongation of the test period and a new 
set of technicians resulted in a quite dif- 
ferent conclusion from that which would 
have been made if the study had been ter- 
minated a year earlier. After the repeti- 
tion of such experiences, one becomes con- 
servative in drawing conclusions from 
limited data, and perhaps hypercritical of 
single surveys without adequate controls. 

The area in which our human subject 
differs most radically from the lower species 
is in the matter of emotional response, and 
it is with this characteristic that the inves- 
tigator of behavior in the industrial milieu 
has his greatest difficulty. The criteria of 
what constitutes a “safe and healthful” in- 
dustrial environment have come to depend 
more and more upon factors with a strong 
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subjective component, such as “discomfort.” 
The problem immediately becomes com- 
plicated by elements which resist objective 
analysis, such as attitudes, motivations, 
and prior conditioning. It is not unusual 
to find, in one situation, individuals work- 
ing without protest under conditions which 
seem highly objectionable to an impartial 
observer, and in another, to see a violent ex- 
plosion over a really inconsequential and 
minor annoyance. An example of the former 
is the tolerance displayed by workmen, ac- 
climated through long experience, to ace- 
tic acid vapor concentrations of 20 to 30 
parts per million. Such a level provokes a 
marked cough response and lacrymation in 
the uninitiated. In contrast, the introduc- 
tion of a solvent at an exposure level far 
below any critical concentration, produced 
in one department an epidemic response of 
nausea and vomiting—even though this 
same material had been used without any 
complaint or observed effects for several 
years, and under more adverse circum- 
stances, elsewhere in the same building. 

Several of the chlorinated hydrocarbons 
possess odors which many people find ob- 
jectionable. Nausea is not an uncommon re- 
sponse to levels of ethylene dichloride well 
below a concentration which can be judged 
harmful by any objective test. Nor does an 
individual’s adverse response to one odor 
permit an estimation of the effect of an- 
other. 

An employee of the cafeteria depart- 
ment reported to me, stating that in the 
past six weeks he had lost 12 pounds. It de- 
veloped that during this time he had been 
assigned to the job of collecting the garbage, 
and almost immediately reacted by re- 
peated attacks of nausea and vomiting. He 
had not complained to his supervisor, but 
the latter observed him being ill, and re- 
ferred him to the Medical Department. The 
man recognized that the symptoms were 
on a psychological basis, but said he could 
not control them. Here was an occupational 
disease on a purely psychological basis, but 
with an objective result—the symptoms and 
the loss of weight. 

The only job to which he could be trans- 
ferred at the time involved an exposure to 
ethylene dichloride. With some misgivings 
the transfer was made, with the provision 
that he report to me at frequent intervals. 
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Much to our surprise, he had no further 
symptoms, regained the weight, and for the 
period of several years in which I followed 
him, was most enthusiastic about his job, 
odors and all. 

We, in industrial hygiene, cannot help but 
wonder at times, just how great is our im- 
pact upon the whole universe of health prob- 
lems created by an ever more complicated 
and expanding industrial technology. As 
with our friends in safety work, the more 
effectively we do our jos, the less apparent 
need there is for our services. It is para- 
doxical that our job security sometimes 
seems to depend upon the occurrence of a 
few cases of intoxication, when these really 
may be evidence of the failure of our efforts. 
Unfortunately in industrial hygiene, we do 
not have comparable indices of performance 
such as accident frequency and severity 
rates. We can take some comfort in adding 
up the tons of toxic materials which are 
used and noting that no occupational dis- 
ease occurred in the individuals exposed, 
but this is apt to have real significance only 
to another industrial hygienist. 

In 1911, the life span of the industrial 
worker was nearly seven years shorter than 
that of the general population. This gap has 
been closed during the intervening years, so 
that now the worker in industry can look 
forward to a longevity at least equal to 
that of his non-industrial friend. This fact, 
reported by the Metropolitan Life Insur- 
ance Company, should be a major source of 
satisfaction to all of us in industrial health 
work. It can be interpreted only that this 
dramatic improvement, which took place 
during a period when tremendous sources 
of hazardous physical and chemical agents 
were introduced into the industrial environ- 
ment, could not have occurred without a 
coincident, vigorous, and substantial de- 
velopment of industrial hygiene. 

Man continues in his role as our most 
important experimental subject, and will 
inevitably do so as long as new chemical 
substances, new physical agents are found 
useful in supplying the goods and services 
which he wants. In this experiment, the goal 
of industrial hygiene must not be limited to 
the prevention of overt occupational dis- 
ease, but must accept the challenge to 
achieve an environment which is truly 
“safe and healthful.” 
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Potential Radiation Hazards 
in the use of x-ray diffraction equipment 


J. E. McLAUGHLIN, JR., and HANSON BLATZ 
Health and Safety Laboratory, U.S. Atomic Energy Commission, New York City 


NE OF THE FUNCTIONS of the AEC 

Health and Safety Laboratory is to 
assist AEC contractors in the evaluation 
of radiation protection problems. During 
1953 and 1954, Radiation Branch repre- 
sentatives surveyed eight x-ray diffraction 
units of various manufacture (three com- 
mercial makes). The primary purpose of 
the surveys was to determine whether these 
units comply with the American Standards 
Association “Safety Code for the Industrial 
Use of X-Rays” in accordance with AEC 
standards.’ It was also of interest to ob- 
serve if compliance with the Code would un- 
duly limit the particular research program. 


Equipment 

HE X-RAY UNITS surveyed were generally 

operated at about 35 to 50 kilovolts (kv.) 
and 10 to 40 milliamperes (ma.). Diffrac- 
tion patterns are obtained by photographic 
methods. A typical fluorescence analysis 
procedure involves the study of characteris- 
tic radiation from a metallic or mineralogi- 
cal specimen (Fig. 1). That is, the primary 
x-ray beam is permitted to impinge on the 
specimen, thereby producing characteristic 
secondary radiation, which, after passing 
through parallel slits, strikes a crystal. The 
intensity of the characteristic radiation 
of the specimen reflected by the crystal is 
then measured by a GM or scintillation 
counter located at various angles with re- 
spect to the crystal. The elemental composi- 
tion of the specimen can be inferred from 
a knowledge of the spectrum as character- 
ized by maximum counting rates at vari- 
ous angles, and a standard calibration. 

The total radiation spectrum, for the 
purpose of this discussion, consists of sev- 
eral components. 

1. Primary x-rays originate in the x-ray 
tube target (e.g. tungsten, molybdenum) 


with the useful beam emerging from the 
tube window. 

2. Some of the primary radiation may 
penetrate the tube shield as leakage radia- 
tion. In low voltage x-ray equipment, this 
component is generally unimportant. 

3. Secondary radiation results from the 
interaction of the useful beam with the 
specimen. 

4. Stray radiation comprises scattered 
radiation produced by the interactions of 
the primary and secondary beams with the 
various components of the x-ray diffraction 
equipment, plus any leakage radiation. 

The intensity and distribution of the 
scattered radiation changes with the orien- 
tation of the GM or scintillation counter. 
The energy spectrum of the secondary 
radiation varies according to the specimen 
under study. Similarly, the x-ray tube tar- 
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get, to some extent, determines the energy 
and intensity of the primary radiation. It 
seems desirable, therefore, to perform the 
radiation survey under the worst practica- 
ble conditions, i.e., maximum scatter as well 
as maximum x-ray tube voltage and cur- 
rent, because of the large number of pos- 
sible operating conditions. The condition 
of maximum scatter was determined from 
measurements made during the surveys. 


Survey Instruments and Dosimetry 

HE INSTRUMENTS used for the surveys 

were: (1) a GM survey meter with a 
1.4 mg./cm.? mica end window tube (modi- 
fied AEC model SGM-4D), which was for 
detection and scanning purposes; (2) a 25 
r red bakelite Victoreen thimble chamber 
and r-meter for small, intense radiation 
beams; and (3) an ionization chamber sur- 
vey meter (AEC Model SIC-17C, Juno) 
with a thin rubber hydrochloride window, 
for fairly diffuse fields of scattered radia- 
tion. 

Photographic films were used as de- 
tectors of pin-hole leaks. In some cases, the 
light from a Patterson fluorescent screen 
was used to define radiation beam dimen- 
sions. In this way, reasonable geometry con- 
ditions were assured during thimble cham- 
ber measurements. Readings were taken 
under conditions of maximum x-ray tube 
voltage and current at various accessible 
points about the diffraction or fluorescence 
analysis unit. 

Corrections up to 1.7 or 1.8 (depending on 
the x-ray tube potential and the amount of 
filtration) must be applied to thimble cham- 
ber measurements because of the absorp- 
tion of low voltage x-rays in the chamber 
wall, in order to obtain an estimate of the 
exposure rate.” Consequently, it is felt that 
exposure rates determined from 25 r cham- 
ber measurements are correct only within 
about a factor of two. 


Use Factor and Shielding 

-RAY PROTECTION design employs one or 

more of several factors to effect the 
reduction of exposure rates to permissible 
levels in occupied areas. These factors in- 
volve distance, barrier thickness and actual 
use time of the x-ray machine in question. 
Sometimes the occupancy time of radiation 
areas is also considered. The only factor 
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applicable to the x-ray protection design of 
diffraction equipment seems to be that in- 
volving barrier thickness, the others being 
ruled out for various reasons. 

1. The reduction of personnel exposure by 
distance, i.e., the inverse square law, is 
not advisable because the x-ray spectro- 
scopist must work in such close proximity to 
the unit during its operation, since these 
machines often require frequent adjust- 
ment. 

2. The actual use time of this kind of 
X-ray equipment should be taken as the 
maximum work day, i.e., not less than eight 
hours, as specified in the existing A.S.A. 
Safety Code, Section 3-3.3, since it is often 
desirable to operate equipment continuous- 
ly to maintain uniform output. 

3. Finally, the actual occupancy time of 
radiation areas should be considered as the 
maximum possible for essentially the rea- 
sons stated in 1 and 2 above. 

The assuming of maximum use and oc- 
cupancy times does not complicate the pro- 
tection problem for existing (up to 55 kvp) 
units because low voltage x-rays are easily 
attenuated. For example, the half-value 
layer of 50 kv. x-rays is only a small frac- 
tion of a millimeter of aluminum.? It seems 
entirely practical, then, to use enough lead 
or other material in x-ray tube housings to 
reduce the direct radiation to negligible ex- 
posure rates. Of course, adequate shielding 
around the x-ray tube and specimen will re- 
duce the possibility of the presence of pen- 
cil beams as well as the intense scattered 
‘radiation in the vicinity of the specimen 
and crystal. Levels due to scattered radia- 
tion could be further attenuated by perma- 
nent shields appropriately placed about the 
entire unit. 

If the upper limit of the potential of 
x-ray diffraction tubes is extended to some- 
thing over 100 kv., as contemplated, shield- 
ing problems may become more complex, 
with respect to the changing of specimens 
while the tube is still energized. 


Criteria for Radiation Safety 
HE AMERICAN Standards Association 
“Safety Code for the Industrial Use of 
X-Rays” describes the safe design and con- 
struction of x-ray installations except those 
used for medical or dental purposes. In 
this code, two alternative recommendations 
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are indicated for x-ray diffraction equip- 
ment. 

1. “Unless the installation is of the Class 
A type, the required safeguards of 4-2.2, 
4-2.3 and 4-2.4 shall be provided.’ A Class 
A, Totally Protective Installation, is one 
having the x-ray machine placed in a perma- 
nent enclosure which is inaccessible to per- 
sonnel by virtue of the use of interlocks. 
This cannot be complied with by interrupt- 
ing the tube current without interfering 
with some types of work. The alternate cri- 
teria was used in these surveys. 

2. Paragraphs 4-2.2 and 4-2.3 of the Code 
state, respectively, that the x-ray tube shall 
be mounted in a totally protective housing, 
and should have automatically interlock- 
ing beam shutters, collimators and shields. 
“A ‘Totally Protective Housing’ is one hav- 
ing sufficient protection to reduce the dosage 
rate of the radiation in any direction (ex- 
cepting only that of the useful beam) to 
12.5 mr. hr. at contact with the tube hous- 
ing when the x-ray tube is operated at its 
maximum rated voltage and maximum rated 
current for continuous operation at that 
voltage.’’* It should be noted that none of 
the units surveyed had automatic or inter- 
locked beam collimators. The present maxi- 
mum permissible exposure rate was taken to 
be 300 mr./week,* rather than 12.5 mr./hr. 
(500 mr.’ week) which appears in the Code. 
It is notable that none of the units tested 
met even the 12.5 mr./hr. limit in contact. 
Because of the low penetrating ability of 
these x-rays, the maximum permissible ex- 
posure, i.e., 300 mr. per week, may be re- 
laxed somewhat in recommendations by the 
NCRP, now in preparation. That is, 300 mr. 
may refer to the dose to the most sensitive 
parts of the eyes, blood-forming organs and 
the gonads. This, in effect will permit a 
somewhat higher air dose. 


Results of Surveys 
XAMPLES of radiation levels for the eight 
x-ray machines which were surveyed are 
described here. 

Unit #1 (50 kv., 50 ma.) is a widely used 
commercial fluorescence analysis unit lo- 
cated in a mineralogical laboratory. The 
specimen and holder are placed in the x-ray 
beam through an opening in the tube-speci- 
men housing. A rather intense x-ray beam 
was present with the specimen holder re- 
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moved. The internal shielding flap was too 
small to cover the opening and the result- 
ing % inch by 2% inch beam produced an 
exposure rate of about 15 r/min. due to 
secondary radiation near the opening at 
maximum tube voltage and current. No 
radiation was detected with the holder in 
place. Although the unit is not operated 
with the holder removed, it is necessary 
during an experiment to change specimens 
without disturbing the tube voltage or cur- 
rent. The operator’s fingers, then, are pre- 
sumably exposed to fairly intense x-rays for 
a short time during each change of speci- 
mens. This is a needless, potentially danger- 
ous exposure, particularly when one rea- 
lizes that a thin sheet of practically any ma- 
terial, e.g., 44-inch brass, can reduce the ex- 
posure rate to reasonable levels. Exposure 
rates due to stray radiation up to about 1 
r/hr. were encountered in the vicinity of the 
GM tube. No other high levels were detected 
around the machine. 

Unit #2, a non-commercial diffraction 
assembly, was also located in a mineralogi- 
cal laboratory. The tube housing is arranged 
vertically in the center of a bench so that an 
x-ray beam is available by opening one of 
the four ports in the tube housing. These 
ports are located about 414 feet above the 
floor. Four hinged lead panels are fastened 
to the edges of the bench. Neither the port 
shutters nor the lead barriers are connected 
to the tube energizing circuit. The exposure 
rate in the useful beam five centimeters 
from an open port was about 50 r/min. with 
the tube operating at 37 kilovolts and 13 
milliamperes. 

Unit #3, consists of an x-ray tube and a 
bent crystal monochromator mounted on a 
bench such that the useful beam is di- 
rected horizontally away from occupied 
areas. An L-shaped steel shield extends 
from the bench top to a height of about 
three feet. Pieces of lead sheet cover the 
x-ray tube and sample during operation. 
The apparatus is set up before a run by ar- 
ranging the crystal and sample in the x-ray 
beam by using a fluorescent screen. Neces- 
sary fine adjustments are then made. Dur- 
ing the line-up procedure, the tube is op- 
erated at 47 kilovolts and five milliamperes. 
During an experimental run the tube cur- 
rent is raised to 15 ma. 


Thimble chamber measurements _ indi- 
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Fig. 2. 
Lesion from x-ray burn. Left: seven days after exposure; right: two years after exposure. 


cated exposure rates in the useful beam of 
about 50 r/min. between the tube and speci- 
men holder (about 10 centimeters from the 
beam slit). After line-up, and with the lead 
sheets not in place, the Juno indicated ex- 
posure rates of several hundred mr./hr. due 
to scatter a few inches above the slit. 

Unit #4, a layout similar to #3, is used 
in a metallurgical laboratory. The x-ray 
tube is operated at 47 kilovolts and 15 milli- 
amperes. In addition to high levels like 
those encountered near Unit #3, an ex- 
posure rate of about 20 mr./hr. due to scat- 
ter, as indicated by the Juno instrument, 
was found in front of the bench in the opera- 
tor’s position. Although this level may not be 
dangerous, it is certainly unnecessarily 
high when one appreciates the uncertain- 
ties in low energy x-ray dosimetry. 

Unit #5 (40 Kv, 15 Ma) a commercial 
(diffraction) model, is used in conjunction 
with a camera. Stray radiation levels of 
several hundred mr./hr. were found behind 
the machine in a rather inaccessible area. 

Unit #6 (40 Kv, 15 Ma) also a commer- 
cial machine, produced the lowest exposure 
rates of interest to the health physicist of 
any unit surveyed. No excessive levels were 
found though a vertical beam of scatter pro- 
ducing a few mr./hr. was apparent above 
the tube housing. 

Unit #7 is a commercial fluorescence 


analysis model similar in design and appli- 
‘cation to Unit #1. The x-ray tube is oper- 
ated at 45 kv. and 15 ma. The principal ob- 
jection to this machine is the presence of a 
rather diffuse radiation field producing 
about 1 r/hr. at the control panel. Routine- 
ly, the operator places a lead glass shield 
in place between the panel and the x-ray 
tube, thereby reducing the levels to some- 
thing below 6.25 mr.’/hr. (However, it is de- 
sirable to rely as little as possible on human 
discretion in such matters. ) 

Unit #8 is a commercially available dif- 
fraction unit used in powder camera work. 
A vertically arranged x-ray tube produces 
horizontal radiation beams through four 
ports in the tube housing. Since the cameras 
are generally mounted in front of the ports 
while the unit is in operation, a rather in- 
tense dose can be received by the fingers in 
a few seconds. The exposure rates in the 
useful beam due to the approximately %4- 
inch diameter beam may be several hun- 
dred r min. a few centimeters from the 
open port. 


Summary and Recommendations 
ONE OF THE machines surveyed complies 
with the ASA Safety Code, although it 
is believed that the housings of the x-ray 
tubes can be modified to provide adequate 
shielding. Since the use of x-ray diffraction 
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equipment often involves the comparison 
of an unknown specimen with some stand- 
ard, a switch to de-energize the x-ray tube 
while the specimen is replaced with the 
standard would probably destroy such com- 
parisons. One should, however, consider the 
use of mechanical interlocks. 

In spite of the apparent difficulty of com- 
plying strictly with some details of the ASA 
Safety Code, it is felt that, fundamentally, 
the Code is practical. However, the x-ray 
diffraction machine operator should not 
have to rely on portable shields or coverings 
to any great extent. One of the machines de- 
scribed above was enclosed in a semi-perma- 
nent sheet metal hood at the suggestion of 
this laboratory. A shutter attached to the 
tube housing above the specimen holder 
port reduced the time of potential radiation 
exposure of the operator’s fingers to prac- 
tically nil. The hood absorbs essentially all 
of the scatter. With these modifications, it 
is now felt that this machine has been made 
as safe to operate as possible. Furthermore, 
much of the possibility of human error has 
been removed. Since exposure rates in ex- 
cess of 6.25 mr./hr. were encountered near 
all of the machines surveyed, it would seem 
desirable for users of existing x-ray diffirac- 
tion equipment to study the necessity and 
feasibility of supplementary _ shielding. 
Furthermore, the recent occurrence of acci- 
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dents resulting in burns, like the one shown 
in Fig. 2,° leads to the first of the points 
listed below. 

The recommendations are summarized: 

1. A more conservative attitude toward 
radiation exposure should be taken by x-ray 
spectroscopists. 

2. The use of more adequate shielding 
(especially in the vicinity of the specimen 
holder) in the manufacture of x-ray dif- 
fraction units seems indicated. 

3. The users of diffraction equipment 
should modify existing units to insure com- 
pliance with the existing code. 
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Basic Problems in the Detection of 
Microbiological Air Pollution 
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N RECENT YEARS an increasing effort has 

been devoted to the analysis of the atmos- 
pheric environment for air-borne particles, 
the potential hazard of which has come into 
the foreground with increasing emphasis. 
Extended efforts have been spent thus on 
the development of methods which permit 
the study of the concentration, the origin, 
and fate of i1ir-borne particles. The ultimate 
aim is the acquisition of reliable informa- 
tion, not only about the total quantity or 
general quality, but in many cases about 
the specific nature of at least some of the 
particle types in an aerosol. This becomes 
a necessity in the search for the (generally 
scarce) microbiological components. 

It is the purpose of the following to out- 
line the basic nature of unsolved problems in 
this field and to point out some solutions. 

Three items of information are in gen- 
eral expected from a microbiological aero- 
sol assay, namely: the concentration, the 
general (or possibly specific) nature, 
and the viability of the air-borne organ- 
isms. Regardless of emphasis, this re- 
quires three separate operations, each of 
which represents a complex of problems in 
itself, quite independent of the other two, 
though the results and the basic limitations 
of each step must be coordinated for arriv- 
ing at the final information and its margin 
of confidence. 

Basically a sequence of the following op- 
erations is involved: (1) Particle separation 
from the air-dispersed (air-borne) state by 
producing a concentrate. (2) Reaction of 
the concentrate with specific biological or 
biochemical reagents. (3) Evaluation and 
interpretation of such reactions. 
Obviously these steps are related to each 
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other in the following manner: the reliabili- 
ty of both—(2) and (3)—depends upon 
the successful operation of (1), whereas 
(3) depends on a suitably chosen procedure 
for (2). In many instances (3) will be self- 
evident and come into major importance 
only when the requirement of the earliest 
possible detection is of significance. 


Separation and Concentration 


HIS STEP serves the purpose of bring- 

ing the particles into a form in which 
they become accessible to chemical or micro- 
biological analysis. The problems inherent 
in this procedure are mostly of physical, 
rather than biological, nature, and as they 
appear to present the key problem in the 
entire methodology of aerosol assays, they 
warrant more detailed discussion. 

The fundamental difficulties in tracing 
organisms from an aerosol is due to two 
basic conditions, one of which is the gener- 
ally extremely low mass (or volume) ratio 
between the suspended particles and the 
suspending air volume, evident from the 
following consideration: 

As the mass of a single bacterial organ- 
ism is of the order of 10-'! to 10°!2 grams, 
millions of organisms are required to repre- 
sent a minimum quantity for microchemical 
analysis. Hence, if the normal concentra- 
tion of organisms be assumed to be of the 
order of one cell/liter (about 30/cu. ft.) 
(though much larger or much lesser con- 
centrations may occur), it would be neces- 
sary to screen 35,000 cu. ft. (1,000 cbm) 
of air to obtain a few micrograms of micro- 
biological substance. 

The magnitude of the physical problem 
involved may be illustrated by the following 
example: 

Assuming an open area of 10 cm? (= 1% 
sq. in.) of an “ideal’’ screen matrix capa- 
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ble of quantitative particle retention in the 
micron and submicron range, and of a flow 
resistance so small that the air could be 
forced through it with sonic velocity, the 
passage of this air volume (1,000 m*) would 
still require one hour after which only 
1/1000 of the screen area (1 mm?) would be 
eecupied by micro-organisms. Under prac- 
tical conditions the actual filter area has 
either to be 100 to 1,000 times larger and 
results in a correspondingly still lesser sur- 
face concentration, or the time interval of 
sampling has to be increased by the same 
factor, which will retard the availability of 
the required information critically. 

The total quantity of concentrate neces- 
sary for any one test is drastically decreased 
if chemical and biochemical assays are re- 
placed by bacteriological culturing methods 
which, in contradistinction to the former, 
yield information about the viability of the 
organisms, restricted in most cases though 
to rapidly growing forms (bacteria, fungi, 
etc.). 

The second of the aforementioned condi- 
tions renders the situation even more un- 
favorable: 

The atmosphere nearly always carries a 
vastly larger concentration of non-biological 
particles which can be of almost any chemi- 
cal and physical nature, so that each air- 
borne organism is in the average sur- 
rounded by 104 to 10° particles of non-living 
nature. Hence the particle concentrate re- 
sulting from the separation process: will 
carry micro-organic matter at concentra- 
tions of only 1 to 100 ppm. This condition 
requires that a microchemical assay of the 
retained particulate matter on a solid col- 
lecting surface, or within a fluid, be based 
on specific indicators of sufficient sensitivi- 
ty to react with an extremely small fraction 
of the concentrate. 

Even if this can be realized, the result 
lacks information about the viability of the 
organisms contained in the concentrate; 
hence the latter has to be contacted with a 
nutrient medium. If a substantial frac- 


tion of the particles is of inhibitory nature 
the formation of the concentrate can already 
seriously interfere with the viability. The 
contact with a nutrient, i.e., an aqueous 
liquid, may enhance this hazard if only a 
small fraction of the particles have water 
soluble components (metal salts, oxidants, 
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etc.) which can prevent subsequent growth. 
Consequently the information gained from 
such assays may, due to partially or fully 
impaired viability, not be remotely repre- 
sentative of the microflora of the aerosol 
prior to the formation of the concentrate. 
This situation appears to be sufficiently 
critical to warrant more detailed discus- 
sion. 

Microbiological aerosols have the peculiar 
property of permitting the coexistence of a 
large majority of particles with viable mic- 
ro-organisms for long periods of time, even 
if the particles are such that contact or 
coalescence with them destroys the viability 
of the organisms. 

This somewhat paradoxical situation is 
caused by the scarcity of collisions among 
particles of the size classes involved in 
stable aerosols (< 6 micron), i.e., which, 
due to their slow settling rate are perma- 
nently air-borne in the presence of the 
normal convection currents. These currents 
consist of air volumina so much larger than 
the particle diameter that—no matter how 
violent the currents the particle will be at 
rest relative to its immediate environment, 
so that a significant motion of the particles 
relative to each other cannot be caused by 
convection currents in the suspending air 
mass. 

Similarly insignificant in a stable aerosol 
are attractive forces which may exist ini- 
tially among certain particles due to op- 
posite electric charges, because they will 
cause rapid coalescence and thus neutraliza- 
tion of the charges. 

The only permanently present mechanism 
which produces particle contact is the 
Brownian movement, i.e., the irregular 
variation of the distance among the indi- 
vidual particles in the size class under 
consideration, caused by the random colli- 
sions with gas molecules. According to Ein- 
stein-Smoluchowsky! the average (root- 
mean-square) displacement of a_ particle 
diameter (d) in any given direction over a 
time (t) to be expected from this purely 
statistical motion is: 

VY, 


2kT t 


where k, T, » are respectively: Boltzmann’s 
constant, (abs) temperature and the alr 
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viscosity. For a temperature of T = 300° 
abs (79° F) the average hourly displace- 
ment results in: 1 

2 


According to this simple relationship a 
1 micron (10-* em) particle, for instance, 
will experience a lateral displacement of 
4.2 - 10° cm, a 5 micron particle only 1.9 - 
10? cm in one hour, however not quite 100 
times more after one year (ca. 8800 hrs.), 
namely 3.9 cm and 1.77 cm, respectively. 

As a measure of the probability of a colli- 
sion between two neighbors of equal di- 
ameter (d) can be taken the condition where 
one-half of the average distance (8) be- 
tween two particles equals (A x), the aver- 
age displacement. Since (5) is inversely 
proportional to the cube root of the concen- 
tration, i.e., 10/n%, where (ff) is the num- 
ber of particles/liter (10° cm*), the above 
condition is fulfilled if: 
Ax=%8=42- (t/d) 4% 5/n* 
This relation, when solved for (t), gives the 
number of hours required for an average 
Brownian displace- 
ment of two particles 
with a diameter (d, in 
micron) and at a con- 
centration of n/liter > 
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crease (t) to one day, and that a further in- 
crease of (n) by a factor 10+ would be nec- 
cessary to reduce (t) to one minute. 

It has to be realized, however, that an 
appreciable collision frequency will de- 
crease (n) and increase (d), hence (‘t) will 
continuously increase. This relationship 
represents a mechanism which can preserve 
biological aerosols with values of (n) far 
from negligible from a health point of 
view.* 

It is thus apparent that the scarcity of 
interaction among suspended particles must 
also contribute to a large extent to the pre- 
servation of the viability of organisms over 
extended periods at relatively high concen- 


*This is only true for particulate matter and does not 
refer to inhibitors in molecular dispersion (vapors and 
gases) since they are subject to rapid transfer by dif- 
fusion processes. Neither do these purely kinetic con- 
siderations take into account the possibility of a gradual 
viability decrease due to heat, desiccation, photochemical 
and even radiological action. This gradual viability loss 
caused by environmental factors depends to a large ex- 
tent on the specific sensitivities of the species involved 
and many other unpredictable factors, none of which 
are problems directly connected with the assaying prob- 
lems. 
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Fig. 1 represents week, 
the variation of (t) 
with (n) for the sizes day 
(0.1 - 5 micron), sig- 
nificant for aerosols. 
If the arbitrary con- » ae 
dition of (A x = % |i | 
3) may be taken as a t 
rough measure for a 
noticeable collision 
rate, it is evident that | | 
isolated bacteria at a ad 10 10 
concentration (n Fig. |. 
10/liter) reach this Variation of t (in hours) vs. n (particles/liter air volume) for the particle 


state only within a 
year, that the coexis- 
tence with four thou- 
sand times the con- 
centration of inhibi- 
tory particles: of one 
micron 


would de- 


diameters 10° - §- 10-4 cm on logarithmic scales. The diagram indicates in 
first approximation the ‘stability’ of an aerosol of a specific concentra- 
tion (n), measured by the time (t+) required for a (Brownian motion) 
particle displacement equalling one-half of the average distance between 
neighboring particles. For instance: one week for 5 |. 
10,000/liter, one minute for 0.5 « particles of 100,000,000/liter, etc. It is 
assumed that collision results in coalescence of the particles and is likely to 
cause interference with the viability of air-borne microorganisms. 
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trations, even if the majority of coexist- 
ing particles (or droplets) are of inhibitory 
nature, for their presence will cause little 
interference. 

A concentrated bacterial aerosol should 
thus reduce itself in a relatively short time 
to a lesser but rather persistent level, the 
latter to be the higher the lower the tem- 
perature and the smaller the relative con- 
centration of inhibitory particles, provided 
that coalescence due to irreversible collision 
among neighbors is the predominant fac- 

The above considerations demonstrate 
the consequences which any concentration 
process, required for assaying, must have on 
an (as such stable) aerosol: the probability 
of inter-particle reaction is largely increased 
and can result in a rapid and severe viabili- 
ty reduction of air-borne organisms. Most 
detection procedures require a concentra- 
tion factor (n,/n,) of at least 104 to 10° and 
cause a large increase of collision probabili- 
ty, ie., a decrease of (t) — since t. = 
t, (n,/n.)*. For instance: a bacterial aero- 
sol containing inhibitory particles, such 
that it would lose one-half of its viable or- 
ganisms in 24 hours, would show the same 
loss within the first minute after a 2.10?- 
fold concentration. Hence the viable counts 
derived from such a concentrate would re- 
sult in a serious underestimate of the bac- 
terial content of the aerosol. 

It thus becomes obvious that the re- 
quirements for maximal preservation on one 


*Coalescence, however, results not only in a decrease of 
(n) but also in a gradual elimination of total sus- 
pended matter, when the particles grow to such sizes 
that dropping-out occurs. Applying Stoke’s law as a 
fair approximation for the settling rate, one single 
microorganism should drop a foot in completely tranquil 
air in about 3% hours. If however the same particle has 
grown by repeated collision with others to 10 times that 
size, it will drop over the same distance in 20 minutes. 
From this it is evident that the classical procedure of ex- 
posing sterile nutrient agar plates for a certain length 
of time to the air results in a purely arbitrary impact by 
micro-organisms: if one assumes the air column above 
the standard dish (d = 9 em) to be perfectly tranquil, 
and all organisms suspended as single cells, the time 
necessary for all organisms to drop from a column rep- 
resenting one cubic foot over an area equal to that of the 
dish would be about 130 hours. The fact that an air 
volume of this magnitude can never be kept tranquil, and 
is continuously exposed to irregular drifts, can change 
the settling rate or even obliterate it completely for 
particles of this size class, whereas agglomerated particles 
or micro-organims attached to substantially larger parti- 
cles with a higher settling rate will reach the plate very 
much faster; therefore it appears extremely difficult to 
derive from such a plate count even a rough estimate of 
organisms in the surrounding aerosol. 
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hand, and for the reliability of information 
(which depends on the concentration fac- 
tor) on the other, are mutually contradic- 
tory. It is the most important task of any 
systematic methodology of aerobiological 
assaying to overcome this basic dilemma. 

Feasible procedures will thus have to ful- 
fill the following conditions: (1) the sepa- 
ration and concentrating process should be 
quantitative and capable of treating large 
air volumina at high flow rates in order 
to reduce the sampling period to a minimum 
of time; and (2) during the process of 
separation and in the resulting concentrate, 
the organisms should be afforded maximal 
protection against coalescence, inter-particle 
reaction and other adverse physical and 
chemical conditions so that they are in a 
state most favorable for rapid and unin- 
hibited growth development. 

Almost all assay methods available at 
present require two steps in order to ap- 
proach both conditions satisfactorily, al- 
though for specific purposes certain single- 
step procedures have shown obvious merit. 
They are limited, however, in fulfilling both 
conditions simultaneously. 

One of the simplest processes consists in 
impinging the air stream (through a slit or 
circular orifice) onto a semi-liquid nutrient 
(agar or gelatin) surface and effecting a 
relative movement between orifice and sur- 
face, which aims at avoiding an undue par- 
ticle accumulation on the surface. Various 
designs following this principle exist and 
have given in many cases excellent results. 
Common to them, however, is the limitation 
of the total air volume sampled and a rela- 
tively low sampling rate (5 to 10 liters/- 
min.), which can affect the over-all confi- 
dence adversely. 

Another much simpler one-step procedure 
is the direct screening of the air through 
a suitable type of molecular filter membrane 
(MF), as described by the author.? The 
MF’s act like screens of an extremely fine 
mesh (about 107 pore openings/cm?) with a 
high flow permeability (about 1 to 3 
liters/em?/min./em Hg _ differential pres- 
sure). The separation of solid particles 
down to and below 10° cm diameter from 
aerosols appears to be complete. The re- 
tained (solid) matter is concentrated on the 
MF surface where it is predominantly held 
by electrostatic forces generated by the air 
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flow through the dielectric matrix of the 
MF membrane. The sampling rates obtain- 
able are high, about 100 liters/min. at ™% 
atm. (15 inches Hg) pressure differential 
over a (standard) circular filter area of 
about 10 cm?—while the concentration fac- 
tor (no/n,) is almost infinite due to the re- 
duction of the aerosol to a two-dimensional 
particle layer. Within this layer, however, 
conditions can occur which are conducive 
to coalescence and interaction among the 
particles of the deposit, especially upon pro- 
longed sampling periods. 

The direct MF screening of microbiologi- 
cal aerosols can thus seriously interfere 
with the viability in the presence of inhibi- 
tory matter,? while the recovery can be ex- 
cellent when such matter is minimal or the 
screening period is brief. Comparative stu- 
dies with other sampling methods have 
shown a large dependence of the viable re- 
covery upon the humidity in the sense that 
the recovery is very good for high (RH> 
70%) and low for medium and low humidi- 
ties, suggesting a “drying-out” process of 
the cell deposit on the MF surface. Similar- 
ly, the viable recovery appears to decrease 
for low humidity with the exposure of the 
particle to the air stream passing the MF,* 
i.e., with the sampling period.* 

Elimination of this phenomenon has to be 
given serious consideration when selecting 
a concentration process, i.e., either direct ex- 
posure of the deposit to the air flow must be 
minimized, or the concentrate should be 
formed directly within a liquid from which 
the particles can then be transferred to a 
nutrient medium. Evidently such processes 
require two steps, of which the first causes 
a rapid concentration within a small vol- 
ume of liquid, or within a porous water- 
soluble solid gel structure, while the second 
step effects the conversion of the liquid 
(possibly after further concentration) in- 


*It appears logical on first sight to assume that the 
surface of a particle which has been airborne for a cer- 
tain length of time has reached complete moisture equi- 
librium with its atmospheric environment. If this parti- 
ele is then intercepted by and held on a _ screen-like 
surface, the “air shear’ so produced at the surface of 
the “resting” particle should not alter its moisture con- 
tent. The experience that such “air shear” conditions can 
decrease the viability very seriously suggests conditions 
at the cell surface which delay or even prevent the mois- 
ture loss by diffusion into its gaseous environment while 
the latter is at rest with regard to the cell surface. This 
protective mechanism appears to fail in the presence of 
an air flow relative to the cell surface. 
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to a form suitable for culturing the organ- 
isms. 

The physical advantage of the first step 
is the drastic reduction of the Brownian 
motion due to the increased viscosity of the 
liquid vs. a gaseous medium, which can de- 
crease the probability of particle interac- 
tion several hundred times. 

The chemical advantage of the conversion 
to a hydrosol is the possibility of neutraliz- 
ing the inhibitory effects caused by the solu- 
ble constituents of the coexisting particles 
and by “shielding” the microorganisms 
with protective colloids against inhibitory 
coalescence. Apparently for this reason the 
use of dilute (0.1 to 0.5%) gelatin solu- 
tions as impinger fluids has proved advan- 
tageous with regard to increased viable re- 
covery, with further improvement by the 
addition of buffering agents for the neutra- 
lization of acid or alkali particles, the ad- 
dition of reducing agents, such as thiosul- 
fates, thioglycolates, etc., as protection 
against air-borne oxidants. The composi- 
tion of the fluid can probably be adjusted to 
the locally prevailing conditions in each 
case. 

Available experience has indicated that 
suitably designed liquid impingers are capa- 
ble of an almost quantitative retention of 
airborne matter and are also capable of 
obtaining relatively high concentrates. The 
inherent practical difficulty of this type of 
concentration, however, is the limited ratio 
between flow rate of air and volume of 
liquid, the improvement of which can in- 
volve a sacrifice of retention efficiency. Pres- 
ent design attains a maximal sampling rate 
of about 100 liter/liter of fluid/min., i.e., 
the particles contained in 1,000 liters of air 
(1 cbm) can be concentrated in one liter 
of impingement fluid within 10 minutes, 
equivalent to a concentrating speed of 
100/min. 

A very promising variant of the separa- 
tion and concentration process has recently 
been developed by Mitchell et al* who use a 
solid, but water soluble, three-dimensional 
filter matrix in the form of a dry gelatin 
foam cake through which the aerosol is fil- 
tered and which is subsequently dissolved in 
a sterile saline solution. The complication 
of this additional step is off-set with the 
advantage of being able to sample in a 
temperature range where the impinger fluid 
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would freeze. The consistently higher viable 
recovery, compared with the direct MF fil- 
tration, indicates the significance of the con- 
tact of the retained organism with an agent 
capable of acting as a protective colloid, 
such as gelatin; and furthermore the im- 
portance of avoiding the formation of the 
deposit on a surface directly exposed to the 
air flow. 

A basically different approach to the con- 
centration problem, designed by the author, 
though still in the exploratory stage, 
promises to combine a significantly in- 
creased concentration rate with nearly com- 
plete protection against interparticle reac- 
tion. It consists of the rapid “deep freez- 
ing” of the air stream by heat exchange 
with a refrigerant gas, such as CO. expand- 
ing in a vortex, and the subsequent separa- 
tion of the resulting ice fog by the centri- 
fugal action of a vortex (cyclone). The re- 
sult is a “size spectrum,” i.e., a frozen sur- 
face deposit wherein the particles are 
roughly classified with regard to their size 
(and mass), so that a selection (or elimina- 
tion) of certain particle sizes prior to 
further treatment is possible. The process 
is likely to minimize particle interaction un- 
til the frozen concentrate can be thawed in 
a protective fiuid, from which it may be 
subsequently separated by MF filtration. 
The additional complications may be off- 
set by the possibility of processing much 
larger air masses for sampling and by im- 
proved viability preservation. 


The Culturing Process 


‘THE PROCESS of forming the concentrate 

of particles in a protective medium has to 
be followed by a second step which effects 
intimate contact of the suspended matter 
with a nutrient medium without or with 
prior separation from the suspending fluid. 

This procedure lends itself to a number 
of variations for all of which it is desirable 
that the chemical neutralization of the solu- 
ble components in the aerosol and the col- 
loidal protection of the micro-organism has 
taken place prior to the contact with the 
nutrient, so that the soluble matter cannot 
affect it and cause inhibition of the subse- 
quent growth development. The application 
of methods developed for water bacteriology 
can well be adapted, i.e., serial broth cul- 
tures aided by plating on specific media, be- 
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cause these techniques involve large dilu- 
tion factors. The results suffer in general, 
however, from large statistical uncertainty 
unless numerous parallel sample portions 
are employed.® 

This disadvantage can be avoided by fil- 
tering the concentrate through molecular 
filter membranes (MF’s) (HA type) as they 
permit at relatively high flow rates com- 
plete bacterial retention and subsequently 
“in situ” culturing of the retained material 
on the surface of the MF.® In this manner a 
separation of the suspended matter from 
the suspending fluid and an elimination of 
its action upon the medium is effected with- 
out involving much delay. The filtration of 
the concentrate proceeds at a rate of about 
1 em/sec., so that a liter of concentrate 
passes an MF area of 10 cm? in two to three 
minutes (if care was taken that the im- 
pinger fluid was prefiltered to avoid the 
presence of suspended matter other than 
that retained from the aerosol). The (vol- 
ume/surface) concentration rate of this 
step is thus of the order of 50/min., which 
means for the above example that each cm? 
of the MF surface will carry a concentrate 
of particles originally suspended in 100 
liters of aerosol. 

The entire concentration process, i.e., 
both steps combined, will involve 10 to 15 
min. for the separation of the suspended 
particles of 1,000 liters air on 10 cm? MF 
area. Comparison of this value with direct 
(one-step) filtration through an MF re- 
sults in flow rates of about 5 liters/cm?/- 
min, i.e., in approximately the same con- 
centration rate as in the above two-step 
process. 

The use of the MF technique for the sec- 
ondary concentration process and_ subse- 
quent matrix for the colony development 
appears to have very substantial merit, not 
only because of a rapid concentration with 
minimal impairment of but 
also because of rendering dilution and plat- 
ing operations unnecessary and thus mini- 
mizing the requirements for sterile glass- 
ware, etc., and therefore lends itself very 
well to application in the field. 

The culturing technique consists simply 
of contacting the MF side opposing the re- 
tained layer with a sterile paper pad which 
is impregnated with the nutrient prior to 
use, or is prefabricated with a dehydrated 
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nutrient, so that only moistening prior to 
use is necessary.!° Subsequent incubation 
yields in general reliable counts in 12 to 24 
hours, though certain organisms (fungi, 
mycobacilli, etc.) may require longer in- 
cubation periods. Methods for applying 
simultaneously a variety of nutrients facili- 
tating a general survey of the nature of the 
air-borne flora are possible with this method 
as well. 

With regard to further detail, reference 
to the extended literature® on the MF appli- 
cation for water bacteriology is made. 

While the nutrient types developed for 
water bacteriology with the MF are well 
applicable to the air-borne flora, it is a com- 
mon experience to encounter numerous mo- 
tile organisms (spreaders) which obscure 
or antagonize on the MF surface more deli- 
cate and slower growing species. In many 
instances this requires the addition of spe- 
cific inhibitors to the nutrient (or better, 
already to the impinger fluid). 

The use of the MF technique can be han- 
dicapped when there exists a large uncer- 
tainty about the particle concentration in 
the initial aerosol. If the concentration is 
too large the MF may be clogged before 
completion of the filtration, or, though no 
clogging occurs, the number of organisms 
may be too large to be countable. 

This difficulty can be lessened by apply- 
ing the principle of concentrometric filtra- 
tion,'' which results in a graded (wedge- 
like) particle deposit on the MF surface. 
Since the density variation of the deposit is 
mathematically defined, a region of the MF 
surface can be selected where the colony 
density permits for an accurate determina- 
tion. As the volume fraction of the concen- 
trate which has passed this region is known, 
a direct indication of the original concen- 
tration in the aerosol is obtained over a wide 
range. 


Interpretation of Results 

HE INTERPRETATION of the resulting cul- 

tures yields data about the probable num- 
ber of organisms in the air sample. Accord- 
ing to the well-known laws of statistics, the 
“confidence” will increase approximately 
in logarithmic proportion to the product of 
the sample volume and the concentration of 
the organisms. 

It appears that with present available 
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methods the concentration rate cannot -be 
substantially increased, so that assuming 
complete preservation of viability, the 
lower limit of bacterial detection for an MF- 
culturing area of 10 cm?, or the equivalent 
plate area, would lie at about 3 org/100 
liters (1 org/cu. ft.) for each minute of 
sampling operation (for a statistical confi- 
dence of 95%) ; this lower limit increases in 
direct proportion with the area and/or sam- 
pling time. 

It appears doubtful, however, whether the 
same concept of statistical confidence, as- 
sumed in water bacteriology, can be applied 
to aerosols, first, because the degree of uni- 
formity of an aerosol is unknown in most 
cases and therefore the smallest vol- 
ume of a truly representative sample.* 
Second, it can be safely assumed that the 
isolation of the bacterial flora from water 
does not interfere seriously with its viabili- 
ty, whereas this is obviously a_ serious 
problem for air-borne organisms; hence it 
follows that the interpretation of the re- 
sults of an aerosol assay resulting even 
from parallel tests with a variety of tech- 
niques should not take the lack of growth 
as a proof for the absence of viable organ- 
isms in the air-borne state. 


Summary 


HE PROBLEMS involved in the microbio- 

logical assay of aerosols are in part due 
to the generally low concentration of micro- 
organisms and their coexistence with large 
numbers of particles of potentially inhibi- 
tory nature—and in part due to the rela- 
tive stability of such aerosols at low con- 
centrations and their instability at high 
concentrations which can cause misleading 
losses of viability in the sampling process. 

The principal considerations and limi- 
tations of such assaying procedures are dis- 
cussed, as far as they can preserve viability 
and at the same time avoid reduction of 
sampling rate. Presently available methods 


*In this respect, a comparison with a sanitary water 
standard may be of interest: these standards® allow not 
more than a statistical average of 11 organisms/liter, a 
concentration which requires a set of test portions 
amounting to 100 to 300 cm’ for 67 - 95% confidence. If 
similar standards would exist for the individual air intake, 
samples of 1,000 to 3,000 liters would be required, even 
if the same degree of uniformity of bacterial distribu- 
tion could be assumed, as the average adult consumes at 
least 10* times as great a volume of air as the consumed 
volume of drinking water, 
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are estimated to attain a sensitivity limit 
of the order of 1 org/cu. ft. of air per min- 
ute of sampling. A specific procedure is dis- 
cussed which employs an initial conversion 
of the air-borne matter into a liquid suspen- 
sion in the presence of protective colloids 
by an impingement process, followed by 
further concentration and subsequent nutri- 
tion on molecular filter membranes. 
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Department of One-Paragraph Reports 


0 THE EDITOR: I believe many industrial physicians and hygienists will agree that the 

toxic effects of many new chemicals, as well as some unusual toxic effects of old 
chemicals, often escape publication in the literature because the observation of such 
effects occurs as a single isolated instance. The occurrence is unplanned and unwanted, 
is considered an undesirable accident, and measures are usually taken to be sure it is 
never repeated. The attending physician has to act on the spur of the moment, and does 
not have time to make the accurate measurements and observations that would make 
the case respectably “scientific.” All he would have to report, if he did report, could be 
said in one paragraph, and for some reason we are all bashful about putting our names 
to such a minute opus. The information, shorn of scholarly clothing and bibliographic 
ornament, and naked in its incompleteness, could still be useful to others. I suggest, 
therefore, that the AIHA Quarterly have a column or page entitled “Department of 
One-Paragraph Reports,” to which such material might be sent. A number of industrial 
physicians have commented favorably on this idea. How about it? (See page 140 for a 
Report of the kind suggested.) —R. W. 


tion of Molecular Filter Membranes to Specific Problems 


Goetz, A.: The Concentrometric Method of Apply- 
ing Molecular Filter Membranes. J. AWWA, 45:933, 1953. 
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Motor-Driven Syringes 
FOR MICRO-METERING OF GASES 


BERNARD E. SALTZMAN, U.S. Department of Health, Education, and Welfare 
Public Health Service, Occupational Health Field Headquarters, Cincinnati 


HE ACCURATE preparation of known con- 
centrations of various gases and vapors 
in air is a matter of considerable impor- 
tance in industrial hygiene work. Known 
concentrations are required for the calibra- 
tion of instruments, as well as for testing 


Fig. |. 
Front view of apparatus. 


sampling efficiencies and the adequacy of 
analytical methods. Whereas a variety of 
methods have been used for this purpose, 
some are not accurate when used with ap- 
preciable flows of air; others are incapable 
of handling reactive or corrosive materials. 

An all-glass 50 ml. hypodermic syringe 
with a motor-driven plunger has been found 
to be capable of micro-metering gas with a 
precision of a few parts per thousand, and 
has given quite satisfactory performance 
with corrosive material. The leakage of the 
syringe has been found to be negligible 


under the low pressure difference used in 
ordinary operation. 

Front and back views of the syringe de- 
vice are given in Figs. 1 and 2. The appara- 
tus is used in a vertical position so that the 
syringe plungers rest upon the motor-driven 
slide by gravity. If only one syringe is to be 
used, the clip is placed on the other syringe 
to hold the plunger. The rate of injection of 
the gas mixture is controlled by moving the 
belt on the stepped pulleys of the synchro- 
nous phonograph motor drive. Fifty ml. of 
the standardized gas mixture can be in- 
jected in 7%, 16, 28, or 58 minutes. The 
amount injected is determined by counter 
readings on the motor drive and micrometer 
measurements of the syringe plunger dia- 
meters (approximately 7000 on the counter 


Fig. 2. 
Rear view of apparatus. 


) 
ir 
h 
3. 
1s 
y= 
3, 
= 
15 | 
(| 
|. 5 
= 
8 
9 2 
12 P 
7 
h » 8 
tt 
7 


8 
= 
8 
34 


Fig. 3. 


Application to preparation of nitrogen dioxide samples: (1) 46 
liter carboy containing 20 ppm nitrogen dioxide-air mixture; (2) 60 
ml. evacuated sample bottle for standardizing contents of carboy; 
(3) vacuum connection to aspirator in hood; (4) motor-driven 50 ml. 
glass syringes; (5) connection for second gas used for testing 
interferences; (6) universal gas mask cannister for purifying air 
stream; (7) sampling device; (8) by-pass device of same resistance 
as (7), used while apparatus is being flushed; (9) critical orifice 


used to control air stream flow. 


= 50 ml.). A limit switch stops the motor 
when the syringes are empty and thus pre- 
vents their accidental breakage. 

The apparatus is constructed on a 6” x 
14” x 3” radio chassis (2). Switch (15) con- 
trols the power to phonograph motor (17). 
The 7/32” shaft of this motor, turning at 
3600 rpm drives a 2” idler wheel, which was 
originally intended to drive the rim of the 
phonograph turntable. A lucite pulley (4) is 
screwed directly to this idler wheel. Four 
steps are provided from 44” to 134”. A con- 
tinuous rubber band (10) cut from an auto- 
mobile inner tube, transmits the power to 
a similar pulley (11), the shaft of which 
turns in 14” radial thrust ball bearings 
(Boston Gear Works #501). A _ sprocket 
connection (18) (Boston Gear Works CBA 
10) drives counter (12), which should have 
at least four-digit capacity. A steel worm 
(19) (Boston Gear Works LSH, 48 pitch 
single thread) mounted on the middle of 
the shaft turns the 2”, 100-tooth bronze 
worm gear (13) (Boston Gear Works G- 
1023). The shaft of this gear, turning in 14” 
ball bearings of the same type as above, is 
threaded 24 to the inch (7) to drive the 
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slide (8). By means of 
lever (9) the split nut in 
the slide can be opened 
against spring pressure to 
move the slide manually. 
The rear of the slide is 


guided by greased 
smooth rod (6). The limit 
switch (16) (pin-type 


light-pressure micro- 
switch), normally closed, 
opens the power circuit 
when the slide contacts it 
et at the end of its travel. The 
\ syringes (1) are held ina 
grooved wooden cradle by 
rubber straps (3) cut from 
an inner tube. When only 
one syringe is to be used, 
clip (5) holds the other one 
in the closed position. The 
entire apparatus is clamped 
to a rod or ringstand by 
means of straps (14). The 
cost of the parts is not 
high, and the construction 
is relatively simple. 

As an example of the 
application of the motor-driven syringes, 
the system used for the preparation of 
standard nitrogen dioxide samples _ in 
air, in the range of a few tenths of a 
part per million, is shown in Fig. 3. 

This apparatus was used for testing 
sampling efficiency and for the develop- 
ment of a new analytical method. The 
source of the nitrogen dioxide was a stand- 
ardized air-mixture contained in a 46-liter 
carboy and available through an all-glass 
system of 1 mm. bore tubing and ground 
joints lightly greased with silicone grease. 
The gaseous composition was found to re- 
main remarkably constant. During four 
months, after more than 100 runs, it only 
decreased from an initial value of 20 ppm to 
15 ppm. Known low concentrations of nitro- 
gen dioxide were prepared by injecting the 
contents with the syringes into an air stream 
passing through the sampling device. 
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Collection Efficiency of Air Cleaning 
and Air Sampling Filter Media 


J. J. FITZGERALD and C. G. DETWILER 
Knolls Atomic Power Laboratory, General Electric Company 
Schenectady, New York 


HE EVALUATION of an air cleaning and 

air sampling program requires an ac- 
curate knowledge of the collection efficiency 
of the filter media used.! The efficiencies of 
filter media have been determined by sever- 
al investigators on a mass basis and using 
liquid particles.?;? The use of collection effi- 
ciencies determined with liquid particles to 
establish the efficiency of the filter media 
when solid particles are collected has been 
opened to criticism.* In general, the filter 
media at the Knolls Atomic Power Labora- 
tory are used to collect solid particles or 
contaminated atmospheric dust particles.* 
It was, therefore, necessary to know the fil- 
ter collection efficiencies for solid particles 
and atmospheric dust. Since the retention 
of particles in the upper respiratory tract 
and the alveolar® as well as the collection 
efficiency of the filter media is dependent 
on particle size, there was a definite need 
to know the filter collection efficiency as a 
function of particle size. 

The Whatman-40 and Hollingsworth and 
Vose-70, air sampling filter papers and the 
Chemical Corps-6, an air cleaning filter 
medium, are used at the Knolls Atomic 
Power Laboratory. The collection efficien- 
cies of these filter media were determined 
in the particle size range of 0.005 to 2.1 
microns in the face velocity range of 0.5 to 
250 cm./sec. The Whatman-41, the AEC-1 
and MSA-1106-B Fiberglass filter media 
used at other AEC installations were 
studied for comparative purposes in the 
same particle size and face velocity ranges.® 


Presented at the Fifteenth Annual Meeting of the 
AMERICAN INDUSTRIAL HYGIENE ASSOCIATION, Chicago, 
April 29, 1954, 

Knolls Atomic Power Laboratory is operated by the 
General Electric Company for the U.S. Atomic Energy 
Commission. 


Experimental Procedure 


‘TEST AEROSOL: Duraluminum was used as 

the test aerosol for the light microscope 
filter efficiency studies. A duraluminum rod 
was held at constant pressure against a re- 
volving steel wire brush to produce a solid 
particulate material with a density of 2.7 
gm./cm*. An impaction plate was used to 
capture the particles above five microns, 
thereby producing a test aerosol with a sat- 
isfactory distribution of particles in the 
range of approximately 0.1 to 2.1 microns. 


The collection efficiency of several air 
cleaning and air sampling filter media 
were studied at face velocities of 0.5 to 
250 em./sec. The Millipore Filters used 
to test the filter media were analyzed 
under both the light and the electron 
microscope. Collection efficiency was ex- 
pressed as a function of particle size and 
face velocity. 

Solid duraluminum particles with a 
density of 2.7 gm./em.* were used as the 
test material to determine the collection | 
efficiency of the Whatman-40 and 41, | 
the Hollingsworth and Vose H-70, the | 
AEC-1, the CC-6, and the MSA-1106-B | 
filter media. The collection efficiency of 
these filter media was investigated for 
particles in the size range of 0.18 to 2.1 
microns by a light microscope analysis. 

Atmospheric dust was used as the test 
material for the efficiency studies in the 
particle size range from 0.005 to 0.2 
micron. A silica replication of Millipore 
Filter medium was made to prepare the 
test air samples for analyses under the 
electron microscope. This replication 
method minimizes the opportunity of 
forming agglomerates during the process 
of preparing the Millipore Filters for an 
electron microscope analysis. 
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General atmospheric dust, as found in the 
Health Physics Development Laboratory 
atmosphere, was used as the test aerosol 
for the electron microscope filter efficiency 
studies. The general atmospheric dust had a 
standard deviation of 3.05 and a geometric 
mean size of 0.028 micron, as determined 
with the electron microscope. The use of 
general atmospheric dust as the test aerosol 
duplicates satisfactorily the field conditions 
normally found at KAPL. Since the density 
of duraluminum and general atmospheric 
dust are so nearly the same, filter efficiency 
data from the light microscope and elec- 
tron microscope studies were combined. 

Since general atmospheric dust particles, 
due to their varying shapes, are rather diffi- 
cult to size count, MgO dust was investi- 
gated. The MgO particles were consistently 
cubical in shape, but they tended to flocu- 
late in chains and did not present a repre- 
sentative distribution of the particles in the 
air. Therefore, all of the electron micro- 
scope filter efficiency data were obtained 
using general atmospheric dust as the test 
aerosol. 

SAMPLE COLLECTION: The arrangement 
used to expose the test filters to the aerosol 
is illustrated in Fig. 1. When using the 
duraluminum aerosol, room air is cleaned by 
a high efficiency filter at (B) before it en- 
ters the generation chamber (A). When us- 
ing general atmospheric dust as the test 
aerosol, the filter at (B) is by-passed and 
the duraluminum generator at (A) is left 
inactivated. At (C) an impaction plate 
takes out dust exceeding five microns in 
diameter. The test aerosol passes through 
the duct (D) and smoothing vanes (G) to 
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Fig. |. 
Schematic diagram of test unit. 
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Fig. 2. 


Isokinetic sampling head. 


the aerosol chamber (F). Sampling ports 
(H) are located at 90° intervals around 
the circumference of the aerosol chamber. 

Isokinetic sampling tubes, as shown in 
Fig. 2, pass through two of the ports in the 
aerosol chamber. The filter to be tested is 
held between flanges in one of the isokinetic 
sampling tubes. The exhaust end of the 
sampling tube holding the test filter is con- 
nected in series with a type HA Millipore 
Filter. Another Millipore Filter, mounted 
at the second port, samples the aerosol ex- 
posed to the test filter. Both Millipore Fil- 
ters sample at the same flow rate, so that 
a direct comparison of the aerosol collections 
on the two filters yields an efficiency evalua- 
tion for the test filter. The efficiency is ex- 
pressed as a function of face velocity of the 
air stream passing through the test filter: 
with particle size as a parameter. The face 
velocity is varied by altering the cross sec- 
tional areas of the test filter while main- 
taining a constant flow rate. The experi- 
mental apparatus is shown in Fig. 3. 

The holder for the Millipore Filters is il- 
lustrated in telescopic view in Fig. 4. When 
the unit is partially assembled and ready for 
loading with a Millipore Filter, the filter 
support (B) is in the housing (G) with the 
spring relaxed. After placing the filter on 
the support, the hollow plunger (A) is 
pressed down on the filter, pushing the 
filter, its support, and the plunger into the 
unit housing. A locking pin holds the 
plunger in this position and the compressed 
spring presses the filter support and filter 
against the plunger to form a leak-tight fil- 
ter holder. 


SAMPLING | i 

l PORT | 

i 
TEST FILTER :| 
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SAMPLE ANALYSIS: The filter efficiency 
evaluation was accomplished in two stages, 
(1) for 0.2 to 2.1 micron particles with the 
light microscope, and (2) for 0.005 to one 
micron particles with the electron micro- 
scope. 

In the light microscope phase of the 
evaluation, the Millipore Filter is impreg- 
nated with microscope immersion oil, which 
renders the filter transparent. A cover glass 
is placed over the sample and a standard 
size count is made. A comparison of the 
upstream and downstream size counts, cor- 
rected for scanning area, then yields the 
particle collection efficiency of the test filter 
for particles in the light microscope size 
range. 

The light microscope and automatic stage 
moving mechanism are shown in Fig. 5. The 
automatic stage moving mechanism, a 


synchronous clock motor driving through a 
Metron variable ratio speed changer, re- 
duces eye strain and considerably increases 


Fig. 3. 
Dust generator and coilection chamber. 


Fig. 4. 
Molecular filter holder. 


Fig. 5. 


Fig. 6. 


Semi-automatic particle counting mechanism. 


the efficiency of size counting. The auto- 
matic stage drive, used concurrently with a 
semi-automatic counting system reduces 
the counting time by at least 50°.. The 
counting system, shown in Fig. 6, is merely 
a series of six electrical registers actuated 
by depressing a micro switch with the ap- 
propriate key, selected as a result of meas- 
uring a particle of a prescribed size under 
the microscope. 

In the electron microscope phase of the 
efficiency evaluation, the Millipore Filter 
was treated for a size analysis by two dif- 
ferent methods, the Silica Replication’ and 
the Formvar Technique.* 

In the Silica Replication Method, the sili- 
ca film is deposited on the filter by the rapid 
evaporation in a 0.1 micron vacuum of ap- 
proximately 1.3 mg. of silicon dioxide or 
silicon monoxide from a coil tungsten fila- 
ment. The filter is placed 10 cm. from the 
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filament and normal to it. The evaporation 
must be done rather rapidly to avoid dam- 
aging the filter by the heat from the fila- 
ment. Small pieces of the coated filter are 
then placed on microscope specimen screens, 
with the silica film in contact with the screen. 
The microscope specimen screen is placed 
on a 100 mesh screen forming a low table 
in a depression of a spot plate. Acetone is 
placed under the table from a capillary pip- 
ette until the level of the liquid reaches the 
top of the table but does not cover the speci- 
men screen holding the sample. Capillary 
action carries the acetone up to the filter. 
The level of acetone is maintained until the 
filter is dissolved. 

In the Formvar Technique, the filter is 
placed on a formvar coated electron micro- 
scope specimen screen. The filter is dissolved 
by acetone in contact with the filter paper 
and the specimen screen. Capillary action 
in this method also carries the acetone up 
to the filter paper. The particulate material 
from the sample is deposited on the form- 
var as the filter dissolves. 

A brief comparison of the two methods 
indicates some advantages and disadvant- 
ages for both methods. The Formvar Tech- 
nique permits the presentation of the par- 
ticles collected in a clear surface background 
while the Silica Replication Method presents 
an objectionable replication of the Milli- 
pore Filter surface. Size counting using the 
Silica Replication Method is more difficult 
but not impossible as the data indicate. The 
silica method, however, is preferred at 
KAPL since there is less chance of disturb- 
ing the original particulate collection in the 
filter medium. The silica replication tends 
to minimize the production or destruction 
of aggregates or floculations in the medium. 

Electron micrographs are made from the 
silica replicas after selecting fields represen- 
tative of the particle size distribution and 
concentration. Size counts are made from 
the electron micrographs. The data are ana- 
lyzed in the same manner that the light 
microscope data were treated to establish 
the particle collection efficiency in the elec- 
tron microscope size range. 

It was necessary to determine the par- 
ticulate background on unexposed Millipore 
Filter papers prior to determining the sig- 
nificance of submicroscopic particles shown 
on the electron micrographs of Millipore 
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Filters exposed to the atmosphere. An elec- 
tron micrograph of an unexposed or control 
Millipore Filter is shown in Fig. 7. The 
surface of the filter paper is shown in repli- 
ca form with a magnification of 15,000. 
An electron micrograph of a Millipore 
Filter paper exposed to atmospheric test 
dust is shown in Fig. 8. The magnification 
is 20,000 and particles down to 0.005 micron 


Fig. 7. 


Fig. 8. 
Exposed millipore filter electron micrograph 
high surface structure impedance to size count- 


ing. 
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Control millipore filter electron micrograph. 
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Exposed millipore filter electron micrograph low 
surface structure impedance to size counting. 


are readily discernible even with the ob- 
structing background. Some of this back- 
ground, however, can be eliminated as 
shown in Fig. 9. There appears, however, to 
be some variation in the surface structure 
of the Millipore Filters which permits the 
reduction of the obstructing background 
rather than a variation in the technique ap- 
plied in the preparation of the electron mic- 
rograph. 


Experimental Results 
PARTICLE COLLECTION efficiency, expressed 
in the generally accepted percent penetra- 
tion, was determined as a function of face 
velocity with particle size as a parameter, 
for Whatman-40, Whatman-41, Chemical 
Corps-6, Hollingsworth and Vose-70, AEC- 
1, and MSA-1106-B Fiberglass filter papers. 
Each paper was tested throughout the face 
velocity range of 0.5 to 250 cm./sec. in the 
light microscope size range, 0.2 to approxi- 
mately 2 microns. The efficiency curves for 
each paper are given in the following six 
figures. 

The results from the Whatman-40 filter 
paper tests are shown in Fig. 10. Maximum 
penetration, or minimum efficiency, clearly 
occurs at a face velocity of 10 cm. sec. for 
the entire size range. The optimum operat- 
ing conditions appear at 40, 100, 150, and 
200 cm./sec. face velocities. 
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The data for Whatman-41 paper tests are 
shown in Fig. 11. The worst operating con- 
ditions appear at 2 cm./sec. face velocity, 
and the optimum conditions are found in 
the range of 20 to 100 cm./sec. The What- 
man-41 paper has the unique characteristic 
of a reduced spread of efficiency with size 
at the optimum operating range of face 
velocities. Since the Whatman-41 paper is 
relatively inefficient, the spread is not as 
compressed on a percentage basis, as the 
spread for the higher efficiency papers such 
as Chemical Corps-6. 

The efficiency curves for Hollingsworth 
and Vose H-70 paper are shown in Fig. 12. 
The optimum operating conditions were ob- 
served at 80 cm./sec. with a considerably 
compressed spread of efficiency as a func- 
tion of particle size. Minimum efficiency was 
observed at face velocities of 1, 10, and 
100 cm./sec. 

The efficiency curves for Chemical 
Corps-6 paper indicate that this paper is 
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the most over-all efficient paper of the group 
tested. Optimum operating conditions pre- 
vail at 10 and 40 cm./sec. face velocities 
with the poorest operating conditions at 
0.5, 2, 5, 20, 80 and 100 cm./sec. face veloci- 
ties, as shown in Fig. 13. 

On a relative basis the poor conditions 
for CC-6 paper compare with some ot the 
better conditions for the other papers. 

The MSA-1106-B glass filter paper, shown 
in Fig. 14, compares favorably with the 
CC-6 paper with the exception of spread. 
The optimum operating conditions prevail 
at face velocities of 1, 5 and 100 cm./sec. 

The results for uncoated AEC-1 filter 
paper are presented in Fig. 15. Minimum 
operating conditions appear at 0.5 and 100 
cm./sec. face velocities, and the optimum 
operating conditions appear at 10, 20 and 
50 cm. sec. face velocities. 

A summary of the maximum and mini- 
mum percent penetration for each filter 
paper tested as a function of face velocity is 
presented in Table I. The lower face veloci- 


ties generally permit the maximum amount 
of particulate penetration through the fil- 
ters, and the higher face velocities gener- 
ally prevail during highest collection effici- 
ency. 


TABLE I. i 


PERCENT PENETRATION OF 0.18 MICRON 
PARTICLES 
Maximum Minimum 
Percent Face Percent Face 
Type Pene- Velocity, Pene- Velocity, 
Filter tration in cm./sec. tration in cm./see. 
W-40 40.4 10 0.8 200 
W-41 14.8 2 1.6 50 
CC-6 3.3 250 0.3 1 
H-70 3.0 10 0.6 80 
AEC-1 Tt 1 0.4 20 
MSA-1106-B 2 


2.5 40 0.8 100 


The particle collection efficiency of What- 
man-40 filter paper at a face velocity of 40 
cm. sec. was determined with both the light 
and electron microscope. The results are 
given graphically in Fig. 16. The particle 
size range detected with the electron mic- 
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Fig. 16. 


roscope at a magnification of 2 x 104 was 


0.005 to > 0.1 micron. The size range de- * 


tected with the light microscope was 0.2 to 
2.1 microns. 

When the data are plotted on linear rec- 
tangular coordinates rather than  semi- 
logarithmic coordinates, a curve results 
with a slope of approximately one in the 
electron microscope range, rounding off 
rather smoothly to a slope of very nearly 
infinity for the light microscope range. The 
light and electron microscope data follow 
the trend one might expect; i.e., relatively 
little change in efficiency at certain face 
velocities throughout the higher light mic- 
roscope range and a considerably greater 
decrease in efficiency as the particle size 
recedes into the electron microscope range. 
The face velocity chosen for the test repre- 
sents the most efficient face velocity for 
Whatman-40 filter paper as shown in the 
light microscope studies. 

The particle collection efficiency for 
Whatman-41 filter paper at a face velocity 
of 10 cm./sec. was also determined with 
both the light and the electron microscopes. 
The collection efficiency curve for What- 
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man-41 shown in Fig. 17 is similar to the 
Whatman-40 curve. The efficiencies of the 
Whatman-41 paper, however, are signifi- 
cantly greater than those for the What- 
man-40 at corresponding particle sizes in 
the electron microscope range. 


Conclusions 


‘THE PARTICLE collection efficiency for the 

filter media tested varies (1) with par- 
ticle size, (2) with face velocity and (3) 
with the filter medium. The Hollingsworth 
and Vose-70 filter medium and the air 
cleaning media tested are significantly more 
efficient in the collection of submicron par- 
ticles than the Whatman filter papers. How- 
ever, with proper selection of the face ve- 
locity used, a high collection efficiency for 
the Whatman filter papers can be achieved 
which is relatively particle size independent 
in the light microscope range. 

In general, the best operating face veloci- 
ty for each paper, over the size range of 
0.18 to 2.1 microns is given in Table II. 

In general, the minimum collection effici- 
ency stated in Table II was determined for 
a particle size of 0.18 micron, while the 
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TABLE II. 
OPTIMUM OPERATING FACE VELOCITY 
FOR EACH FILTER PAPER 


Collection* 

Efficiency 

Paper Optimum Operating Spread, 
Designation Face Velocity, in cm./sec. in Percent 
Ww-40 40 98.2-99.6 
W-41 100 97.6-98.0 
CC-6 40 99.5-99.7 
H-70 80 99.4-99.8 
AEC-1 20 99.5-99.9 
MSA-1106-E 100 99.2-99.8 


*This collection efficiency range was established for 
particle sizes of 0.18 to 2.1 microns with a density of 2.7 
gm./cm*. 


maximum collection efficiency was achieved 
for particles of 2.1 microns in diameter. 
These optimum face velocities offer a com- 
bination of high efficiency for the collection 
of particulate material with a minimum 
variation in the collection efficiency with 
particle size. 

When operating at these optimum face 
velocities the need for knowing the particle 
size distribution of the toxic or radioactive 
aerosol for diameters greater than 0.2 mic- 
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ron is eliminated. Efficiency studies, how- 
ever, have shown that the collection effi- 
ciency for particles less than 0.2 micron 
varies significantly with particle size and 
thus necessitates the knowledge of the par- 
ticle size distribution in this particle size 
range. 
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Ten Commandments for Technical Writers 
Thou shalt remember thy readers all the days of thy life; for without 


readers thy words are as naught. 

2. Thou shalt not forsake the time-honored virtue of simplicity. 

3. Thou shalt not abuse the third person passive. 

4. Thou shalt not dangle thy participles; neither shalt thou misplace thy 
modifiers. 

5. Thou shalt not commit monotony. 

6. Thou shalt not cloud thy message with a miasma of technical jargon. 

7. Thou shalt not hide the fruits of thy research beneath excess verbiage; 
neither shalt thou obscure thy conclusions with vague generalities. 

8. Thou shalt not resent helpful advice from thy editors, reviewers, and critics. 

9. Thou shalt consider also the views of the layman, for his is an insight often 
unknown to technocrats. 

10. 


Thou shalt write and rewrite without tiring, for such is the key to im- 
provement. —ELMER SHAW, in Science, April 15, 1955. 
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CONCEPTS OF ENGINEERING APPLICATION 
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HE FACT that man and his environment 

are inseparable has long been recog- 
nized. As the environment in which we live, 
work and play has become more complex, 
so have the effects of the environment on 
man created problems which are increas- 
ingly difficult for those concerned with the 
protection and promotion of health and 
well being. The working environment pre- 
sents a wide variety of hazards. In fact, 
there are few, if any, occupations in which 
environment does not have the capability of 
causing harm to the worker therein if 
proper recognition of the condition is not 
made. In addition to the obvious physical, 
chemical and biological agents of disease, 
the working environment may contain fac- 
tors which have an adverse effect on com- 
fort and well being, if not health. Our con- 
cern must not be limited to production line 
factory workers but our attention also must 
be given to, the worker on the farm, in the 
small plant, and in all types and classes of 
occupational activity. 

The obligation of all engineers who are 
concerned with the health and safety as- 
pects of the structures, processes, equip- 
ment or devices they conceive is not infre- 
quently overlooked. As pointed out by 
Hatch!, “The engineer is required only to 
make proper use of sound accepted princi- 
ples of engineering design and otherwise 
follow the requirements of codes and other 
regulations. He is not responsible for fail- 
ures which occur because of inadequate 
laws. Engineers recognize and accept these 
responsibilities so fully that they require 
no elaboration.” The responsibilities of en- 
gineers with regard to matters affecting 
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health protection and promotion are im- 
plicit in the engineering registration acts in 
the various states as evidenced by Section I 
of Senate Bill 74, Acts, Regular Session, 
45th Texas Legislature: the Code of Prac- 
tice of the American Society of Civil En- 
gineers (Particular attention is invited to 
paragraph 8, part 5) and the Canon of Eth- 
ics for Engineers. 

In order properly to take into considera- 
tion the effects of the environment on man, 
it would appear that the engineer requires 
some knowledge of man’s anatomic, physio- 
logical and psychological limitations. Un- 
fortunately, the limited time available in 
most engineering curricula has precluded to 
date the inclusion of even cursory infor- 
mation in most cases on this subject. The 
recommendations of the 1954 President’s 
Conference on Occupational Safety bring to 
the fore the importance of the further rec- 
ognition of this responsibility. It should be 
emphasized that problems of occupational 
health from an engineering viewpoint were 
included in the broad scope of the Confer- 
ence on Occupational Safety and we should 
not be unduly concerned if some areas com- 
monly thought of as being industrial hy- 
giene engineering (such as noise) are de- 
scribed under safety engineering. Follow- 
ing are quotes of pertinent portions of this 
report 

“Hazards can be controlled through ef- 
fective safety engineering applied to stand- 
ards for machinery and material specifica- 
tions, standards for building, including ade- 
quate fire protection, and standards for ma- 
terials handling equipment, process revision 
and many others.... 

“Designers and manufacturers of ma- 
chinery, machine tools and equipment should 
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give greater consideration to safety re- 
quirements.... 

“Engineers and architects should develop 
and apply standards for safe and efficient 
plant layout—greater consideration to safe- 
ty, health and sanitation and space utiliza- 
tion and employee service areas, as well as 
to factors of safety and building strength, 
should be given in original design, construc- 
tion and remodeling of all industrial struc- 
tures.... 

“Engineering colleges should integrate 
safety engineering principles into all ap- 
plicable courses in their curricula and es- 
tablish accredited safety engineering 
courses.... 

“Safety engineering studies in basic re- 
search should be instituted on special prob- 
lems on which adequate engineering data 
are not now available, such as noise, use of 
isotenes, air pollution, hazardous chemi- 
cals, fire and explosion hazards.” 

The application of engineering and bio- 
logical sciences is required for analysis of 
potential occupational health hazards, the 
development of appropriate and economical 
controls therefor and the provision of sat- 
isfactory general worker environments. The 
practice of engineering in relation to these 
human factor problems is not limited to 
any one segment of the profession, although 
sanitary and industrial hygiene engineers 
and safety engineers are or should be 
specialists in this regard. The details of 
engineering design for control of occupa- 
tional health hazards are so vast as to be 
impossible to repeat here. For reference 
to some of the available publications and 
texts, attention is invited to the ‘Public 
Health Engineers Bookshelf’* and_ to 
USAF Pamphlet 160-6-5, “Bibliography of 
Industrial Medicine and Occupational 
Health,” available from the U.S. Govern- 
ment Printing Office. 


HE procedures generally used for en- 

gineering design of any type are directly 
applicable to the control of occupational 
hazards by engineering means. The usual 
approach to a design problem is as fol- 
lows: 

1. The acquisition of information about 
the task—what is to be done, how, where, 
by whom and under what restrictions either 
of economy or function. In the case of oc- 
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cupational hazards, one must ascertain ex- 
actly what the worker may be exposed to 
(chemicals such as gases, mist, fumes, 
dusts, liquids or solvents; physical agents 
such as ionizing radiation, noise, abnormali- 
ties of illumination, temperature, humidity 
or pressure; biological agents such as bac- 
teria, molds, fungi, etc.; or combinations of 
these). Information must be obtained as to 
duration of exposure and what other physi- 
ological and psychological factors are in- 
volved. The type and nature of waste prod- 
ucts and their potential hazard must also be 
determined. 

2. Explore all possible means of achieving 
the desired result and select the most effec- 
tive. In the case of occupational hazards 
control, the following are generally con- 
sidered:(a) Elimination of the hazardous 
component or substitution of a less haz- 
ardous item wherever possible. (b) Provi- 
sion of engineering controls such as, but not 
limited to, the following: isolation or in- 
closure of the process, use of wet process for 
dusty operations, local exhaust ventilation of 
machine or process, general area ventila- 
tion, shielding, provision of proper il- 
lumination, noise suppression, and such 
others as may be appropriate for the prob- 
lem. (c) Provision of personal protective de- 
vices such as helmets, respirators, ear de- 
fenders, gloves, etc. (d) Combinations of 
the foregoing. 

3. Examine and check the final design. Is 
the solution really the most effective and 
economical consistent with the hazard in- 
volved? Does the solution impose an unwar- 
ranted penalty in added cost, manpower or 
space requirement? Does the control meas- 
ure create a new hazard by means of im- 
proper disposal of waste products? 

A knowledge of the manner in which 
chemicals enter the body, their fate after 
entry and their effects on the body is es- 
sential for proper design and control as well 
as evaluation of existing procedures or 
processes. Similar information is necessary 
with regard to the physical and biclogical 
agents of disease. The engineer must keep 
in mind the fact that such stimuli as heat, 
cold, sound, odor, taste and vibration may 
cause bodily or psychological responses and 
these must be considered in any integrated 
design of work areas or work facilities. 
Attention is being increasingly focused on 
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“human engineering” and this implies con- 
sideration of such factors as comfort and 
efficiency, as well as the prevention of dis- 
ease. 

A most important factor to be considered 
in applying engineering principles to the 
control of occupational hazards is the re- 
lationship between duration of exposure and 
concentration of offending agent in respect 
to threshold limit values. No rational con- 
trols can be established unless the prin- 
ciple underlying development of these 
values is well understood. This, in turn, 
necessitates an awareness of the fact that 
occupational diseases in general result from 
two types of exposures—acute and chronic. 
Exposure to high enough concentration of a 
toxicant may produce dramatic and immedi- 
ate physiological effect. This is the so-called 
acute exposure. On the other hand, exposure 
to small quantities of offending material 
may allow the gradual accumulation within 
the body of the material itself or its as- 
similated by-products until a pathological 
condition results, sometimes years later. 

If the amount taken into the body exceeds 
the rate of elimination, storage or toxic 
damage to the tissues results. Threshold 
limit values represent those concentrations 
to which a normal person may be exposed 
for eight hours a day, five days a week over 
a long time period (30 to 40 years) 
without demonstrable effects therefrom 
either during or after the exposure. They 
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are not finite limits between safe and unsafe 
conditions.® 

It would be most desirable to have a 
formula into which we could place such 
factors as the threshold limit value, the 
median lethal and lethal dose _ values, 
amounts of material the worker is to be ex- 
posed to under uncontrolled conditions, cor- 
rection factors for age of the exposed 
working population and other conditions 
and the proposed controls specified in en- 
gineering terms and from this derive an 
answer which would indicate one of the 
following: perfectly safe for long term con- 
tinuous exposure, safe for short term ex- 
posure, uncomfortable, unacceptable from a 
comfort viewpoint, dangerous for long term 
exposure or dangerous to life or health for 
short term exposure. In the absence of such 
a formula, good engineering judgment and 
practice will have to be applied to each situ- 
ation. 
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A Constant Flow Suction Unit 
—FOR AEROSOL SAMPLING WORK 


A. C. SCHMIDT and L. L. WILTSHIRE 


U.S. Naval Radiological Defense Laboratory, San Francisco 


A suction unit has been developed 
and tested which will automatically 
draw air into filter samplers at a pre- 
set constant rate in spite of wide vari- 
ations in the resistance of the collect- | 
ing media. Two models are described, | 
one having a fixed flow rate of 10 cfm 
and the other being adjustable be- 
| tween 1 and 15 cfm. Components were 
| selected to make them portable and to 
enable them to operate under adverse 
field conditions. Flow control is 
achieved by using a vacuum operated 
valve ahead of the pump to compensate 
for upstream pressure variations and 
maintain constant pumping conditions. 
In performance tests the units kept 
the flow constant within 5% while the 
pressure drop at the intake was in- 
creased from 0 to nearly 8 in. of Hg. 


SUCTION unit which would automatical- 
ly draw air into a collecting filter at a 
constant rate regardless of the amount of 
deposit on the filter and the consequent re- 
sistance to air flow was needed in the aero- 
sol sampling program at the U. S. Naval 
Radiological Defense Laboratory. Such a 
unit would make possible accurate sam- 
pling in remote locations, without someone 
being present to observe and manually 
adjust the flow rate. Also such a_ unit 
would be useful in laboratory work since 
the flow rate (measured at atmospheric 
conditions) would not be affected by the 
type of filter used, the length of connecting 
hose, and the presence or absence of a cali- 
brating flow meter. 
The suction unit had to meet several 
specifications. For isokinetic sampling in 
moving air streams, an easy way of adjust- 


ing the flow was needed so that the unit 
could be set at flow rates between 1 and 15 
cfm, and produce a maximum suction of 6 
to 8 in. of Hg. For measuring aerosol con- 
centrations in free air, a fixed flow rate of 
10 cfm was desired with a maximum suc- 
tion of 8 in. of Hg. Flow rates were to be 
maintained within 5% of set values and a 
flow monitoring device was to be pro- 
vided which would show whether the flow 
rate changed during a collection run and 
for how long. Finally, the unit had to be 
portable and operate under a wide range 
of humidity, temperature, atmospheric cor- 
rosion, and fungus growth conditions as 
found in both the United States and the 
tropics. 


Description 
HE SUCTION UNIT was built in two models 
to meet the need for both fixed and ad- 
justable flow rates. The adjustable unit is 


Fig. |. 
Adjustable flow rate model of suction unit show- 
ing (1) variable speed motor drive, (2) air 
pump, (3) welded steel base, (4) instrument sup- 
port frame, (5) instrument panel, (6) inlet hose 
connection, (7) motor start switch. 
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shown in Fig. 1, and has the air pump di- 
rectly connected to a %4-hp. variable speed 
motor drive, and is mounted on a welded 
steel base. Flow rates are varied by turning 
the handle on the side of the motor drive, 
which changes the setting of some variable 
pitch pulleys inside, and in turn changes 
the speed of the pump. 

The fixed fiow rate unit is shown in Figs. 
2 and 3. It has the air pump belt connected 
to a 1-hp. 3450-rpm motor, and is mounted 
on a light weight wooden sled which could 
be dragged over the ground and fastened 
down with stakes at land stations. For ship- 
board installations, the wooden sled was 
fitted with steel legs that could be welded 
to the decks. 

In other respects the two models are 
identical. Incoming air passes through a 
protective filter and vacuum control valve 
to the air pump, and thence out through a 
muffler and a Venturi tube. The protec- 
tive filter and vacuum control valve are 
mounted on an instrument support frame. 
Gages for measuring the filter vacuum and 
control vacuum, and for recording the flow 
rate are mounted on an instrument panel 
above the support frame as shown in the fig- 
ures. Also visible are the vacuum relief 
valve, vacuum sensing valve, inlet hose con- 
nection and motor start switch. 

For ease in assembly and to reduce gal- 
vanic corrosion, the major components were 
connected together with wire reinforced 
flexible hose. Minor connections were made 
with either fabric reinforced hose, or Tygon 
tubing. Aluminum components and piping 
were used wherever possible to keep down 
the weight. This was especially true of the 
fixed flow rate unit which was designed for 
land locations. 

Protective covers, which are not shown, 
were provided when the units were to be 
exposed to the elements. These were made 
of corrugated galvanized iron and shaped 
like large rural mail boxes, with flat sides, 
rounded top, and flat ends. They were sealed 
to the suction unit bases with sponge rub- 
ber gaskets, and held in place with Simmons 
fasteners, shown in Figs. 2 and 3. Louvers 
fitted with Fiberglas filters were provided 
in the ends of the covers to ventilate the 
motors and pumps and at the same time pro- 
tect them from dust and radioactive con- 
tamination. 


Fig. 2. 
Front view of fixed flow rate model of suction 
unit showing (1) motor, (2) air pump, (3) 
wooden base, (4) motor start switch, (5) inlet 
connection, (6) sensing valve, (7) muffler, (8) 
Venturi tube. 


Fig. 3. 
Rear view of fixed flow rate model of suction 
unit showing (1) belt drive, (2) protective filter, 
(3) vacuum control valve, (4) vacuum relief 
valve, (5) Simmons fastener for securing pro- 
tective cover. 


Principle of Operation 
THE SCHEME used for maintaining a con- 
stant flow rate is basically very simple. 
The effect of the expansion of the air with 
increased suction is compensated for by 
having a control valve in series with the 
collecting filter which automatically opens 
and closes to keep the total suction at the 
pump intake constant. By this means the 
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Fig. 4. 
Schematic flow diagram of Constant Flow 


density of the air entering the pump is kept 
constant, so that as long as the pump has 
a fixed displacement and operates at a con- 
stant speed the flow will be constant. 

Referring to the schematic flow diagram 
in Fig. 4, if the control vacuum (V.) is set 
at 8 in. of Hg. and the filter vacuum (V,) 
is only 1 in. of Hg., the control valve will 
provide a compensating pressure drop of 7 
in. of Hg. If, for some reason, the resistance 
of the filter system (V,) then goes up to 5 
in. of Hg., the control valve will automatical- 
ly open to provide a compensating pressure 
drop of only 3 in. of Hg., and thus keep the 
control vacuum (V.) at 8 in. of Hg. to 
maintain constant pumping conditions and 
hold the flow rate constant. 

The use of only rugged mechanical com- 
ponents is one of the best features of this 
flow control scheme. No electrical or elec- 
tronic devices are required, and when neces- 
sary even the customary electric motor may 
be replaced with one that is gasoline or com- 
pressed air driven. 

The main limitation of this scheme is that 
the control vacuum must always be greater 
than the filter vacuum to permit the control 
valve to compensate for changing air densi- 
ties. Normally this limitation presents no 
problem since it is possible to estimate what 
the maximum likely pressure drop across 
the collecting filter will be, and to set the 
control vacuum a little higher. If the filter 
vacuum should exceed this value, control 
will be lost, and the filter vacuum and con- 
trol vacuum will then increase together. 
At that point the flow monitor will indi- 
cate a noticeable drop, so that the user will 
know what has happened. As a further 
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precaution a vacuum 
relief valve is  pro- 
vided so that if the 
intake is completely 
blocked the suction 
cannot become great 
enough to damage the 
pump or overload the 


MUFFLER 


motor. 
Other limitations of 
this flow control 


scheme are the need 
for a sensitive vacu- 
um control valve with 
a flat response to up- 
stream conditions, a 
constant speed motor, and a pump which 
maintains a constant volumetric displace- 
ment while it is operating. 

The flow monitoring system consists of a 
Venturi tube and a recording vacuum gage. 
The Venturi tube is placed at the outlet of 
the system so that the air going to it will al- 
ways be at a constant pressure and be unaf- 
fected by the varying suction on the col- 
lecting filter. Also in this location, a single 
measurement of the suction at the throat 
shows the difference in pressure between 
the throat and the end of the tube. A Ven- 
turi tube was used instead of an orifice plate 
so that an easily measurable signal could 
be obtained without producing an objec- 
tionable back pressure on the pump. The 
muffler connected ahead of the Venturi tube 
reduces the noise from the pump, and helps 
smooth out the pulsations and turbulence 
in the air before it reaches the Venturi tube. 


Components 

HE SELECTION of proper components was 

very important to the success of the basic 
control scheme as well as to the perform- 
ance of the suction unit under anticipated 
field conditions. Since many of the com- 
ponents are familiar, only the more impor- 
tant or unusual ones will be discussed. 

Referring again to the schematic diagram 
it is evident that a protective filter was 
needed which would keep dirt and water out 
of the control valve and pump, prevent 
radioactive aerosols from contaminating 
the rest of the suction unit in case of a 
break in the collecting filter, provide a check 
on the collecting filter, and have a low pres- 
sure drop. These requirements were met by 
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using a %4-in. Dollinger vacuum pipeline 
filter. In tests, this filter had a pressure 
drop of only 2.2 in. of water with an air 
flow of 15 cfm (measured at atmospheric 
conditions), retained virtually all of a fine 
water spray introduced into the air stream 
without wetting the filter cartridge, and re- 
tained 99% of a small test quantity of type 
S. F. carbonyl iron powder* (mean particle 
diameter 3) without appreciable increase 
in pressure drop. For corrosion resistance 
the case of this filter was hot dip galvanized 
and dichromated, and the smaller metal 
parts were zinc plated and dichromated. 

As previously stated, a sensitive vacuum 
control valve was needed with a flat re- 
sponse to upstream conditions over a range 
varying from atmospheric pressure to as 
close to the control vacuum as possible. This 
control vaive also had to operate on the 
available pressure drop without use of 
auxiliary power, be easily adjustable, oper- 
ate in any position, and be light and com- 
pact. To meet these requirements a special 
valve was built by the Charles M. Bailey 
Company. This valve had a 1'4-in. diameter 
inner port, a piston type inner valve, a 
7°4-in. diameter diaphragm button, and a 
spring 8 in. long. It had an aluminum body, 
and a ribbed aluminum diaphragm case with 
narrow flanges. For corrosion resistance 
the aluminum was annodized and dichro- 
mated, and all metal parts in contact with it 
were either made of stainless steel, or were 
zinc plated and dichromated. 

An interesting feature of the control 
valve is that it is provided with an inter- 
nal sensing connection between the dia- 
phragm case and the downstream side of the 
valve body, as well as an external sensing 
connection from the diaphragm case to a 
point near the intake to the pump. In test- 
ing the characteristics of a prototype con- 
trol valve it was learned that if the internal 
connection was used alone at high flow 
rates, the flow into the suction unit would 
increase slightly with increasing filter 
vacuums, while if the external connection 
was used alone, the flow would decrease 
slightly with increasing filter vacuums. 
Further investigation showed that the 
vacuum at the downstream side of the valve 
body was as much as 2 in. of Hg. greater 


*Manufactured by General Analine and Film Corpora- 
Yon, Antara Chemicals Division. 
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than the vacuum at the intake to the pump, 
indicating a Venturi effect within the valve 
body. To take advantage of this effect a 
“sensing valve” was provided in the ex- 
ternal sensing line which can be adjusted to 
combine the best combination of internal 
and external sensing performance. Further 
tests on other vacuum control valves have 
not demonstrated this effect to the same de- 
gree and it may be possible to eliminate the 
sensing valve in future suction units. 

The flow control scheme required a motor 
which would maintain a constant speed 
under load, since the output of the pump 
is proportional to its speed. Fortunately 
most capacitor start, 60 cycle, single phase 
motors are built to maintain their speed 
within 2% with voltage changes of plus or 
minus 10%, providing of course that the 
frequency remains constant, so that this 
was no problem. The motor also had to be 
light and compact and resistant to damage 
from fungus and corrosion. Lightness was 
achieved in the adjustable flow rate unit by 
using a variable speed motor drive with an 
aluminum case manufactured by the U.S. 
Electrical Motors Company, and in the fixed 
flow rate unit by using one of the new 
Form G, light weight General Electric ap- 
pliance motors. Resistance to fungus growth 
and corrosion was attained by having the 
windings impregnated with fungus resis- 
tant varnish, by using splashproof motors, 
and by plating critical mechanical parts 
with zinc or cadmium. 

From early tests with this type of suction 
unit, it was apparent that in order to main- 
tain a constant flow rate it was necessary 
not only to maintain a constant suction at 
the intake of the air pump and to run the 
pump at a constant speed but also to have a 
pump whose characteristics remained con- 
stant in operation. A rotary positive dis- 
placement blower of the Roots type had been 
chosen for this application since it runs at 
a relatively high speed, is small for its ca- 
pacity, will produce the necessary suction, 
and does not require the use of oil in the 
rotor case which would affect cold climate 
starting. This type of blower is widely used 
for supercharging engines, and as_ the 
metering element in large gas meters. Dur- 
ing these tests it was noticed that the air 
flow into a stock blower at 8 in. of Hg. suc- 
tion dropped 19‘. during the first half hour 
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Effect of changes in filter resistance on con- 
stancy of air flow with the control vacuum set 
at 8 in. of Hg. 


of operation as it warmed up to a stable 
operating temperature. This drop was far 
from the permissible 5% deviation. This 
stock blower had an aluminum case and 
cast iron rotors, and it was apparent that a 
differential expansion had occurred be- 
tween the rotors and the case, increasing 
the clearances and the leakage. To meet 
this problem a special blower was obtained 
from the Sutorbilt Corporation in which 
both the rotors and the case were made of 
Ni-resist No. 5, a cast iron alloy with a low 
coefficient of thermal expansion. This alloy 
also solved the corrosion problem since it is 
relatively resistant to attack from salt 
spray. 

The need for a small, recording vacuum 
gage that would respond to the suction 
available from the throat of the Venturi 
tube was met by using a Dickson ‘Mini- 
corder.” This instrument has a 4-in. circular 
chart, a full scale reading of only 10 in. of 
water, and weighs only five pounds. For this 
application it was equipped with a capped 
fountain type pen and a spring loaded pen 
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arm so that it would not be affected by tilt- 
ing or vibration. The case was fully gas- 
keted, so that when used in a humid at- 
mosphere, a bag of dessicant could be put 
inside to prevent corrosion and keep the 
paper dry. 

The Venturi tube represents a novel de- 
parture from ordinary manufacturing pro- 
cedures. In trying to make it cheaply, it 
was discovered that satisfactory results 
could be obtained by casting the inner pro- 
file and reaming the throat to size. In com- 
parison with a tube having a fully ma- 
chined inner profile, the resulting tube had 
slightly less pressure recovery, and hence 
slightly more line loss. The total pressure 
drop from having it in the system, how- 
ever, is still only 1 or 2 in. of water. 


Performance Results 


FIVE TESTS were conducted on the suction 

unit to evaluate its performance under 
different operating conditions. In order to 
measure the extent to which the constancy 
of air flow is affected by changing filter re- 
sistances, a manually-operated valve was 
connected to the inlet to simulate a filter, 
and a precision Flowrator was connected 
ahead of the valve to measure the air going 
into it. Vacuums were measured with mer- 
cury manometers. The control vacuum was 
set at 8 in. of Hg., the external sensing con- 
nection was closed and the unit was allowed 
to run until the pump had -reached a stable 
operating temperature. The test was run at 
15, 10 and 5 cfm; the results are plotted 
as solid curves in Fig. 5. For comparison the 
vacuum control valve was then removed 
and the same tests repeated to show the per- 
formance of a conventional suction unit 
with the same type of air pump. The results 
of these latter tests are plotted as dashed 
curves in Fig. 5 and illustrate the great 
advantages of the constant flow feature. 
Returning to the solid curves, it was ex- 
pected that with a spring-loaded vacuum 
control valve the flow would drop slightly as 
the filter resistance was increased causing 
the valve to open and compress the spring. 
It is significant from these tests, however, 
that with the control valve used the drop in 
flow was negligible at a filter vacuum of 
2 in. of Hg. below the control vacuum, and 
amounted to only 5% at % in. of Hg. below 
the control vacuum. This is probably the 
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best that can be expected in a portable suc- 
tion unit of this type with a spring-loaded 
vacuum control valve; however, it should 
be pointed out that for stationary installa- 
tions other types of vacuum control valves 
are available that will give even better per- 
formance. 

The response rate of the control valve 
was tested by suddenly opening or closing 
the manually-operated valve on the inlet to 
the suction unit, and observing the effect on 
the Flowrator. In this test the control 
vacuum was set at 8 in. of Hg., and the 
blower speed was adjusted to give a flow 
rate of 10 cfm. When the filter vacuum was 
suddenly changed from 1 to 5 in. of Hg., 
there was a lag of about 1 sec. before the 
Flowrator returned to its original setting. 
This lag was probably the time required 
for the control valve to readjust itself. 
There was no noticeable overshooting or os- 
cillating about the control point. 

The degree to which the constancy of 
flow is affected by the temperature of the 
air pump is shown in Fig. 6, curves A and 
B. In this test an ironconstantan thermo- 
couple was bolted to the top of the pump 
case, midway between the inlet and outlet 
sides, and temperatures were observed on 
a Leeds and Northrup Type K_ potentio- 
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meter calibrated to read directly in degrees 
F. The suction unit had been sitting over- 
night so that the pump was initially at room 
temperature. The control vacuum was set at 
8.6 in. of Hg., and not changed during the 
test. The filter vacuum was not varied, and 
the blower speed was held constant by ob- 
serving the blower shaft with a Strobotac, 
and adjusting the motor voltage before each 
reading until the shaft speed was synchro- 
nized with the pulsating stroboscopic light. 
The flow rate was observed with a precision 
Flowrator connected to the inlet of the suc- 
tion unit. As curve B in Fig. 6 shows, there 
was a 7.3% drop in the flow rate that oc- 
curred almost entirely in the first 30 min. 
Curve C shows that the flow monitor reading 
dipped slightly, and then returned to its 
initial value, indicating that it was af- 
fected about equally by the drop in flow rate, 
and the increased temperature of the air in 
the Venturi tube. If this drop in the flow 
rate is compensated for by setting the ini- 
tial value about 5% higher than called for, 
the deviation will then be within the re- 
quired plus or minus 5%. It should be 
pointed out that a slight drop of this sort 
is inevitable in a rotary pump without oil- 
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Effect of motor voltage on constancy of air flow. 
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immersed rotors, but can be further re- 
duced when necessary by using a type of 
pump in which there is less leakage. 

Fig. 7 shows the effect of motor voltage 
on the constancy of air flow into both the 
fixed and adjustable suction units. With the 
1 hp., 3450 rpm General Electric motor 
there is 0.8% increase and a 0.6% drop as 
the voltage is increased or decreased 10 v. 
from the rated 115 v. With the 34-hp. U.S. 
Varidrive motor there is a 0.7% increase 
and 0.8% drop with corresponding changes 
in voltage. In these tests the pump had pre- 
viously been brought to a stable operating 
temperature, the control vacuum was set 
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at 7.8 in. of Hg. in one instance and 6.0 in. 
of Hg. in the other and the filter vacuum 
was not varied. The voltage to the motor 
was changed by means of a Variac, and 
measured with an alternating current volt- 
meter. 
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Department of One-Paragraph Reports 


WORKMAN was centrifuging a mixture of benzyl cyanide, sodium chloride, and a 

small amount of sodium cyanide. He had finished the centrifugal separation and 
was digging the cake out into an open vessel which contained a small amount of acid 
water. He became dizzy and faint and decided to go outside for fresh air. He walked 
with a staggering gait and appeared drunk, although there was no question of his 
having taken any alcohol. He went for help to another workman in a nearby building, 
and was unable to stand when he got there. When seen in the plant hospital, he was 
pale, with a weak, rapid pulse and profuse sweating, and appeared to be in a state of 
shock. He recovered rather rapidly on being put to bed and kept warm, and he was 
perfectly normal one hour later. The next day he had a severe headache, became 
nauseated and vomited violently, but, after staying in bed for two days, was well and 
able to return to work. A visit to the scene of the accident revealed no symptoms in 
other men in the same building; the man who completed the job suffered no symptoms. 
There was a strong odor in the building, somewhat suggestive of bitter almonds, but it 
was not possible to say whether this came from the benzyl cyanide or hydrogen cyanide 
gas. It was determined that the sodium chloride-sodium cyanide mixture contained ap- 
proximately 1% sodium cyanide, and gas bubbles could be seen around the edge of the 
solid. 
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Atmospheric Pollution Study 


of a Non-Industrial Area 


BERNARD D. BLOOMFIELD, Ventilation Engineer 
Division of Occupational Health, Michigan Department of Health 


Lansing, Michigan 


HIS PAPER concerns a study of relatively 

clean air in a non-industrial area com- 
posed of open countryside and small subur- 
ban development. 

The data to be discussed are basic to any 
air pollution study in that the effects of any 
nearby industry are negligible and we are 
in the fundamental realm of country air, 
which is so often referred to as clean, 
fresh and invigorating. 

The study findings provide necessary 
background data and offer partial answers 
to several pertinent questions such as: (1) 
How clean is so-called clean air in a non- 
industrial area? (2) How does the particu- 
late loading vary from that in a heavily in- 
dustrialized city? (3) What is the signifi- 
cance of varying weather conditions? (4) 
To what extent is pollution in the country 
related to pollution in relatively close in- 
dustrial areas? 

The reason for the study was not solely 
academic but was, in a large part, owing to 
a letter dated November 28, 1952, addressed 
to our Division by Peter J. Watson, Presi- 
dent of the Blue Water Highway Property 
Owner’s Association. It reads as follows: 

‘Dear Sir: Representing the home-owners 
and residents of the St. Clair River District 
and particularly East China Township, site 
of the Detroit Edison power plant now under 
construction as well as a proposed Michigan 
Iron and Coke Company plant consisting of one 
or more blast furnaces and 50 or more coke 
ovens, we should like to request a survey to 
determine the status of atmospheric pollution 
in this district. 

What we have in mind is a survey that would 
indicate existing dustfall and possibly other 
yardsticks of air pollution as of the present 
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status, conditions after the Detroit Edison 
plant begins operations, and conditions prevail- 
ing if and when the Michigan Iron and Coke 
plant has gone into operation. 

We feel that an official survey of this nature 
would serve as an authoritative and equitable 
guide that would make facts available to not 
only the residents but also the above named 
industries and help them in planning their 
pollution control equipment and procedures. 
It is also our thinking that data collected in 
this survey would serve to indicate the extent 
of “normal” pollution in a better class outlying 
residential area and therefore provide a useful 
reference point in the International Joint Com- 
mission survey now being conducted in the De- 
troit-Windsor area by United States and 
Canadian Public Health officials. For that 
reason the groups interested in the Detroit 
survey might upon your request be willing to 
cooperate to the extent of providing consul- 
tation and possibly equipment. 

If data are to be collected prior to the op- 
eration of the Detroit Edison power plant 
the work would need to get underway as 
power production at this plant is scheduled for 
July or August of 1953. 

If you care to discuss this project with some- 
one who is acquainted with its technical phases 
you may wish to contact Mr. Fred Mallette or 
Mr. Frank A. Patty, both of whom are well ac- 
quainted with the situation. 

Respectfully yours,” 

Mr. Watson’s statement of the case was 
simple and exact. One source of air pollu- 
tion was the new, extensive Detroit Edison 
Company power plant then being completed. 
Another possible source, the proposed 
Michigan Iron and Coke Company, was in 
the planning stage, with the plant site al- 
ready purchased. A suburban area consist- 
ing mainly of farmland and river front 
homes was faced with the inevitable eco- 
nomic loss due to the relocation of indus- 
try——and with the possibility of problems 
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Fig. |. 
Geographic relationship of St. Clair-Marine City 
area to Detroit. 


affecting the enjoyment of one’s property as 
well as health. 

A one-month study was planned and was 
started on April 15, 1953, after much con- 
sideration had been given to the various 
methods of sampling which would enable 
the determination of a satisfactory pollu- 
tion index of the area. 

The gross air sampling unit using Mine 
Safety Appliance Company, Type S, un- 
impregnated pleated filters was selected for 
the continuous (24 hour filter period) 
sampling of particulate matter at eight 
stations and the Thomas Autometer was to 
be used at three stations for sulfur dioxide 
determinations. In addition dust counts 
were scheduled for each station, using the 
Greenburg-Smith impinger and standard 
light field counting technique. 

Dust fall measurements were intentional- 
ly omitted because of the short sampling 
period which would not ene le the collec- 
tion of data over a long enough time spread 
for proper interpretation. Also, there was 
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some doubt concerning the validity of such 
measurements. 

The area studied is outlined in Fig 1, 
which indicates the proximity to Detroit 
(about 40 miles) where the International 
Joint Commission’s Technical Advisory 
Board on Air Pollution was, and at the 
time of this writing is still, engaged in a 
study of air pollution in the Detroit area. 
Fortunately, these concurrent _ studies 
enabled the comparison of some data. 

Fig. 2 is a more detailed map of the East 
China Township area which, as is shown, is 
bordered by the City of St. Clair on the 
North, Marine City on the South, and the 
St. Clair River on the East. The eight sta- 
tions are pinpointed as are those stations 
(No. 1, No. 5, and No. 8) where sulfur 
dioxide samples were collected. 

A brief description of the eight stations 
follows: 


Fig. 2. 
Samples taken in the St. Clair-Marine City area. 
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STATION NO. 1: City of St. Clair, about 40 
miles northeast of Detroit, population 4,098. 
Industry limited, consisting of large salt 
manufacturing plant, moderately sized pro- 
duction machine shop, and a few small job 
shops where welding and machining is 
done. The sampling station was located in 
the commercial-residential section of the 
city, on the northeast corner of the post 
office block. 

There was no industry in the immediate 
neighborhood. 

STATION NO. 2: This station was located 
on the northeast corner of Puttygut and 
River Road, a short distance from the St. 
Clair River. It was chosen because of its 
proximity to the proposed site of the Michi- 
gan Iron and Coke Company, with the area 
at the time of the sampling comprised main- 
ly of farm land and a limited residential 
section. 

STATION NO. 3: This station was located 
on Puttygut Road in the neighborhood of a 
small plastic molding plant, but otherwise 
completely surrounded by open countryside 
limited to farming. 

STATION NO. 4: This station was located 
on the southwest corner of King and Reamer 
Roads, about one mile west of the Detroit 
Edison Company’s power plant and com- 
pletely surrounded by farms. 

STATION NO. 5: This station was located 
in a residential area on the shore of the 
St. Clair River. Both the new Detroit 
Edison Company structure and the pro- 
posed site of the Michigan Iron and Coke 
Company were situated nearby. 

STATION NO. 6: This station was located 
on the property of the Marine City Water 
Treatment Plant adjacent to the St. Clair 
River, and was surrounded by open fields 
on three sides. 

STATION NO. 7: This station was located 
on Meisner Road between King Road and 
the railroad tracks. The surrounding area 
consisted of farm land with a few homes 
nearby. 

STATION NO. 8: Marine City has a popu- 
lation of about 4,300, its industry con- 
sisting of a large metal fabricating 
plant and a few small industrial estab- 
lishments. The sampling unit was located 
in the downtown commercial-residential 
district with no industry in the immediate 
vicinity. 


143 


Description of Sampling Equipment 
AIR-BORNE particulate matter was continu- 

ously sampled at all eight stations with 
the use of a high volume sampling unit. The 
instrument consists essentially of an Elec- 
trolux blower, a rotometer type flow meter, 
and an inlet adapter designed to hold a Mine 
Safety Appliance Company Type S, pleated 
filter. The flow rate averaged about 70 
cubic feet of air per minute for all units 
used. 

The high volume sampling units were 
mounted on Detroit Edison Company utility 
poles, 10 feet above grade level and on cross 
arms installed by the company. Drop cords 
were connected to the overhead power lines 
for power and each sampling unit was pro- 
tected from rain and snow with a metal 
shield. 

Gross air samples were collected con- 
tinuously 24 hours per filter, from April 15, 
1953, to May 15, 1953. Sulfur dioxide con- 
centrations were evaluated at stations No. 
1, No. 5, and No. 8 with a Thomas Auto- 
meter which was housed in a mobile labora- 
tory. 

Dust samples for counting were collected 
at each of the stations using a standard 
Greenburg-Smith impinger. The quarter 
field Dunn cell and standard microscope 
technique using a light field were used for 
counting. Particle size determinations were 
not made. 


Laboratory Techniques 


FoLtLowinc collection of the high volume 

air samples, they were submitted to our 
laboratory for total weight determinations 
and 60 of the 240 filter samples were then 
sent to the Division of Occupational Health, 
U.S.P.H.S. laboratory for spectrographic 
analysis. 

Unfortunately, time limitations make it 
necessary to eliminate discussion of the 
laboratory techniques used. However, de- 
tailed descriptive information concerning 
the laboratory procedures has been pub- 
lished by Keenan and Byers.! 


Results of Study 


A PARTICULATE MATTER: Particulate mat- 

* ter was collected simultaneously and 
continuously at all eight stations for the 
period starting April 15, 1953, and ending 
May 15, 1953. As expected, the dust loadings 
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TABLE I. 
COMPARATIVE LOADINGS OF TOTAL PARTICULATE 
MATTER (MICROGRAMS PER CUBIC METER OF 


June, 1955 


No. 24 is described as being completely 
residential, there being no industry within 
a one-mile radius. The immediate area was 


Air) EIGHT STATIONS—StT. CLAIR-MARINE occupied by low income families who lived 
City AREA. 1 STATION—DETROIT in frame houses, shacks and converted 
Mini- Maxi- Me. @uonset huts. Station No. 24 was found to 
Station Location Area mum mum dian exhibit the lowest median particulate mat- 
1 St. Clair-Marine City Urban 38.0 550.7 156.8 ter loading of all of the Detroit stations 
12.4 436.0 1005 high as 400 micrograms per cubic meter 
: = were found. As shown in Table I, the 
128 9337 1189 median value for particulate matter deter- 
8 Sars ” ‘Urban 87.8 794.2 164.9 mined at Station No. 24 was 195.0 micro- 


determined in Marine City and in the City 
of St. Clair were considerably higher than 
those determined in the neighboring rural 
and suburban areas (See Table I). 

At the time of the St. Clair-Marine City 
study, similar sampling was being con- 
ducted at Station No. 24 in Detroit (Inter- 


This compares with the loadings of 156.8 
and 164.9 micrograms per cubic meter de- 
termined in St. Clair and Marine City re 
spectively. Considering the concentrations 
of industry in Detroit and the resulting ef- 
fect on the Station No. 24 findings, the dust 
loadings determined in St. Clair and Ma- 
rine City were surprisingly high. Thinking 


national Joint Commission data). Station in terms of a possible maximum allowable 


TABLE II. 
ToTAL WEIGHT OF PARTICULATE MATTER COLLECTED DAILY AT EIGHT SAMPLING STATIONS (MI- 
CROGRAMS PER CUBIC METER OF AIR) 


Date Station number 
Mean 
Month Day 1 2 3 4 5 6 7 8 (arithmetic) 
April 15 137.5 34.4 33.2 18.5 26.5 24.2 _—_ 41.1 39.4 
16 127.3 91.0 97.2 92.2 90.1 111.4 129.8 122.7 97.4 
17 248.5 247.5 180.5 162.2 134.8 162.4 22.2 230.5 173.6 
18 -— 91.6 119.0 100.5 37.7 53.9 74.6 164.9 80.3 
19 40.4 35.3 17.4 14.3 13.8 25.0 — 39.1 23.2 
20 45.3 48.5 21.7 12.4 10.8 23.5 12.8 41.1 27.6 
21 186.3 201.6 114.9 91.9 93.5 102.5 97.3 238.7 140.8 
22 351.1 406.7 326.7 291.9 208.1 — 352.6 329.3 283.3 
23 228.5 22.4 250.9 293.6 119.4 —_—_— 461.0 284.7 207.6 
24 94.6 63.6 69.3 46.9 43.0 41.6 43.9 70.3 59.2 
25 101.2 57.9 49.0 38.8 48.7 58.9 43.8 90.0 61.0 
26 38.0 24.6 17.0 14.5 19.8 19.3 19.2 37.8 23.8 
27 122.8 34.8 13.8 27.7 13.7 33.7 29.7 47.6 40.5 
28 104.6 63.9 41.2 89.5 30.8 46.5 108.7 152.6 79.7 
29 130.7 36.8 73.6 163.0 36.9 34.7 144.7 222.0 80.3 
30 141.5 101.8 113.8 100.6 85.9 31.7 119.5 108.4 100.4 
May 1 156.8 71.0 74.3 82.2 57.0 46.9 54.9 114.7 82.2 
2 72.5 27.9 25.0 33.4 25.7 22.2 26.0 54.4 35.9 
3 550.7 65.9 61.8 52.0 67.7 62.9 58.7 115.6 154.4 
4 258.6 162.9 156.6 175.4 292.3 117.0 158.9 212.1 191.7 
5 253.2 158.8 134.3 193.2 112.2 132.9 193.7 219.9 174.8 
6 282.9 252.5 174.9 274.3 169.8 188.5 385.3 552.7 285.1 
7 236.9 194.7 200.0 375.5 132.9 164.2 601.7 189.8 239.5 
ry 313.3 200.4 158.6 436.0 101.9 138.4 933.7 794.2 384.6 
9 263.0 481.2 318.1 214.8 149.5 163.7 294.8 409.9 286.7 
10 207.9 191.1 155.7 134.0 122.8 111.9 111.4 173.4 151.0 
11 265.6 200.0 223.3 134.0 165.5 170.3 270.6 237.5 208.4 
12 125.8 87.3 65.6 86.4 52.6 48.7 48.6 oe 64.4 
14 196.1 142.3 95.8 147.0 125.6 162.8 118.0 eS 123.5 


Note: Underline indicates median value. 
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Fig. 3. 
Daily collection of particulate matter compari- 
son of Station No. 24 (Detroit) with average of 
eight St. Clair-Marine City area stations. 


concentration value based on particulate 
loading in a so-called clean, industry-free 
area, it appears that the similarity of values 
determined in the Marine City-St. Clair 
area and in Detroit presents a problem con- 
cerning one’s interpretation of just what 
clean air is and how dirty it should get be- 
fore it’s considered polluted. Unfortunate- 
ly, with the exception of Station No. 24, no 
other simultaneous sampling was being con- 
ducted in the Detroit area. The lack of 
such data invalidates most comparisons that 
would normally be made. Comparison with 
the extensive data previously determined 
in the Detroit River area study is not justi- 
fied. However, the high readings determined 
in the St. Clair-Marine City area as tabu- 
lated in Table II indicate that despite the 
remoteness of the location, the so-called 
clean areas can, and do, exhibit relative- 
ly high dust loadings. 

A day-to-day comparison of the average 
of the eight stations with Station No. 24 
(Detroit) is plotted in Fig. 3. With the ex- 
ception of a few values, there is no decided 
similarity in trend. Additional comparative 
data would be necessary before any definite 
conclusions concerning over-all relation- 
ships could be reached. 

Conclusive data of this type are desirable 
for several reasons. Depending upon mete- 
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orological factors, it might be possible to 
predict over-all pollution levels in neigh- 
boring areas on the basis of study data in 
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Daily collection of particulate matter compari- 
son of Station No. 3 with average of eight 
stations. 
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one area. Also, industry’s contribution to 
the over-all pollution level in an industrial 
area may possibly be more closely evaluated. 
Considering the St. Clair-Marine City study 
results, it appears that the so-called “blank” 
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Fig. 9. 
Daily collection of particulate matter compari- 
son of Station No. 6 with average of eight 
stations. 
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Daily collection of particulate matter compari- 
son of Station No. 7 with average of eight 
stations. 
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Fig. 11. 

Daily collection of particulate matter compari- 

son of Station No. 8 with average of eight 

stations. 


pollution level in an industry free environ- 
ment is often appreciable. 

On the basis of the consistent data ob- 
tained, the high volume air sampler proved 
itself to be a worth-while sampling instru- 
ment. Little trouble was experienced dur- 
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Dote somple collected 


Fig. 12. 
Distribution of average daily particulate matter 
concentration and precipitation (rain, drizzle, 
snow). 


ing the constant use of eight sampling units 
for a one-month period. One motor burned 
out and was replaced. 

As can be readily seen in Table II and 
Figs. 4 through 11, there was no excessive 
deviation in particulate matter determined 
in any one day at the eight stations. Usual- 
ly, a high or low reading at one station was 
accompanied by a similar series of readings 
at the other stations. In all of the plots 
showing a comparison of one station to an 
average of eight stations, there was a close 
similarity in peaks and lows. 

The meteorological data collected in- 
cluded wind speed and direction and precipi- 
tation (rain, drizzle or snow) by the hour 
for the entire study period. 

Previous study data determined by other 
investigators has indicated that above aver- 
age pollution conditions exist when the 
winds are from a southerly or southwesterly 
direction and that below average conditions 
result when the prevailing winds are from 
the north or northeast. In general, cold air 
masses accompany north or northeasterly 
flow and are usually heated by the surface as 
they move south resulting in turbulence 
and, by virtue of dilution, less pollution. 
This condition is described as unstable. 
Southerly winds are accompanied by the 
flow of a generally warmer air mass pass- 
ing over cooler earth surfaces with a conse- 
quent increase in stability near the sur- 
face. The latter condition of stability usu- 
ally results in pollution, which is above 
average. 

Rainfall very definitely affected the 
particulate matter loadings as is shown in 
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Distribution of average daily particulate matter 
concentration and wind velocity. 
Fig. 12, which is a plot of average 


daily particulate matter and duration 
(hours) of precipitation. It is believed that 
increased washing effect and wetting of the 
ground surfaces resulted in lower air-borne 
particulate loadings, although little is 
known concerning the individual effective- 
ness of either the washing or wetting 
phenomenon. 

As is shown in Fig. 13, which is a plot of 
average daily particulate matter and wind 
speed, the data indicate slight correlation 
of wind speed and air pollution levels. 


TABLE III. 
SUMMARY* OF CHEMICAL COMPOSITION DETER- 
MINATIONS FOR 22 ELEMENTS (SPECTROGRAPHIC 


ANALYSIS) 

Amount determined in micrograms per cubic meter of air. 
Elements Minimum Maximum Median 
Aluminum Absent 6.0 0.75 
Iron Absent 1.4 0.70 
Silicon 0.02 8.4 0.80 
Calcium 1.5 16.8 9.35 
Magnesium 0.01 2.2 0.20 
Lead 0.02 8.4 0.80 
Zine Absent 0.20 0.04 
Manganese 0.003 0.10 0.03 
Copper Absent 0.10 0.02 
Titanium Absent 0.80 0.002 
Molybdenum Absent 0.20 0.02 
Tin 0.002 0.30 0.01 
Nickel Absent 0.02 0.003 
Barium Absent 0.02 0.002 
Chromium Absent 0.015 0.002 
Cadmium Absent 0.003 0.002 
Vanadium Absent 0.03 0.003 
Beryllium Absent 0.002 Absent 
Cobalt Absent 0.003 Absent 
Antimony Absent 0.10 0.002 
Bismuth 0.001 0.10 0.002 
Tungsten Absent 0.10 0.01 


*Based on analysis of 60 samples. A total of 240 sam- 
ples were collected during study (April 15, 1953 to May 
15, 1953). 
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TABLE IV. 
COMPARISON OF ST. CLAIR-MARINE CITY AND DETROIT ANALYTICAL DATA (SAMPLES NOT COL- 
LECTED SIMULTANEOUSLY* ) 


Amount determined in micrograms per cubic meter of air 


St. Clair-Marine City 


City of Detroit 


Elements Minimum Maximum Median Minimum Maximum Median 
Aluminum Absent 6.0 0.75 Absent 27.8 2.7 
Iron Absent 1.4 0.70 Absent 17.4 2.4 
Silicon 0.002 8.4 0.80 0.04 12.6 2.4 
Calcium 1.5 16.8 9.35 0.10 37.9 2.1 
Magnesium 0.01 2.2 0.20 0.01 5.3 0.7 
Lead 0.02 8.4 0.80 Absent 12.9 0.6 
Zine Absent 0.20 0.04 Absent 17.9 0.3 
Manganese 0.003 0.10 0.03 Trace 2.06 0.14 
Copper Absent 0.10 0.02 Trace 2.67 0.08 
Titanium Absent 0.80 0.002 Absent 0.44 0.03 
Molybdenum Absent 0.20 0.02 Absent 0.51 0.03 
Tin 0.002 0.30 0.01 Absent 4.80 0.11 
Nickel Absent 0.02 0.003 Absent 0.07 0.01 
Barium Absent 0.02 0.002 Absent 0.18 0.01 
Chromium Absent 0.015 0.002 Absent 0.26 0.004 
Cadmium Absent 0.003 0.002 Absent 0.089 0.002 
Vanadium Absent 0.03 0.003 Absent 0.042 Absent 
Beryllium Absent 0.002 Absent Absent 0.018 Absent 
Cobalt Absent 0.003 Absent Absent 0.017 Absent 
Antimcny Absent 0.10 0.002 Absent 0.287 Absent 


*St. Clair-Marine City data: April 15, 1953 to May 15, 1953. 


City of Detroit data: May 7, 1951 to June 17, 1951. 


tion. 


+Report on 1951 environmental findings, International Joint Commission, Technical Advisory Board on Air Pollu- 


Metallic Elements 


GROUP of 60 of the 240 high volume air 

samples collected were analyzed spectro- 
graphically in the laboratories of the Oc- 
cupational Health Section, U.S. Public 
Health Service, to identify quantitatively 
and semiqualitatively, 22 elements. 

As is shown in the laboratory findings 
tabulated in Table III, the predominant 
elements present were calcium, silicon, 
aluminum, magnesium, lead and iron. 

A comparison with the Detroit study 
which was run May 7 to June 17, 1951, is 
shown in Table IV and indicates that the 
median concentration values determined in 
Detroit were in most cases appreciably 
higher than the St. Clair-Marine City re- 
sults with the exception of lead and calcium. 
The data do not justify an attempt to pin 
point the possible industrial sources of 
some of the metals determined such as lead. 
Instead, it is merely an indication of the 
type and extent of pollution in areas having 
little or no industry in the immediate 
vicinity. 

Tables V, VI and VII list the minimum, 
maximum, and median values of silicon, 
iron and aluminum determined at the eight 
stations with the median particulate mat- 


TABLE V. 
SILICON- MINIMUM, MAXIMUM, AND MEDIAN 
VALUES (MICROGRAMS PER CUBIC METER OF 
AIR) 


Total particulate 


matter collected* Silicon 


Station (median value) Minimum Maximum Median 
1 156.8 0.2 4.1 0.9 
2 91.0 0.3 2.3 0.8 
3 97.2 0.1 7.4 0.6 
4 100.5 0.1 7.2 2.0 
5 85.9 0.02 rs 0.5 
6 58.9 0.2 3.7 0.6 
7 118.0 0.1 8.4 0.8 
8 164.9 0.5 3.8 1.0 
*See Table 1. 

TABLE VI. 

IRON- MINIMUM, MAXIMUM, AND MEDIAN VAL- 
UES (MICROGRAMS PER CUBIC METER OF 
AIR) 

Total particulate 


matter collected* 


Station (median value) Minimum Maximum Median 
1 156.8 0.2 0.9 0.8 
2 91.0 0.1 0.7 0.8 
3 97.2 Absent 0.9 0.4 
4d 100.5 0.15 7.9 0.9 
5 $5.9 0.2 1.0 0.4 
6 58.9 0.2 0.4 0.9 
7 118.0 Absent 1.3 0.3 
8 164.9 0.5 0.8 0.7 


* 
® 
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TABLE VII. 

ALUMINUM- MINIMUM, MAXIMUM, AND MEDIAN 

VALUES (MICROGRAMS PER CUBIC METER OF 
AIR) 

Total particulate 

matter collected* 


Aluminum 


Station (median value) Minimum Maximum Median 
1 156.8 0.09 1.3 1.1 
2 91.0 0.1 0.8 1.5 
3 97.2 Absent 1.7 0.9 
4 100.5 0.3 tan 6.0 
5 85.9 0.09 1.0 0.4 
6 58.9 0.2 1.2 0.5 
7 118.0 0.2 1.9 0.8 
8 164.9 0.5 1.6 1.0 
*See Table I. 

TABLE VIII. 


Dust COUNT AND SUMMARY- MINIMUM, MAXI- 
MUM AND MEDIAN FOR ALL STATIONS 


Minimum Maximum Median 


Count, in millions of particles 
per cubic foot of air 0.2 1.2 0.9 
TABLE IX. 
SULFUR DIOXIDE CONCENTRATIONS DETERMINED 
AT THREE STATIONS MINIMUM AND MAXIMUM 
VALUES (PARTS PER MILLION) 


Concentration in 
parts per million 


Mini- Maxi- 

Station Date of run mum mum 
1 April 15, 1953 to April 22, 1953 0.02 0.06 

5 May 1, 1953 to May 14, 1953 0.04 0.07 

8 April 22, 1953 to April 27, 1953 0.03 0.08 


ter value also being tabulated. There is 
some, little, or no, correlation with the 
amounts of particulate matter determined. 


Dust Counts 

DEDust COUNT determinations were made at 
all stations using the Greenburg-Smith 

impinger for collection and the Dunn cell 


985 NORTH 
297 / 
469 
\ 


Fig. 14. 
Vector analysis of prevailing wind direction 
based on wind speed and time (knot-hours). 
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for counting. As shown in Table VIII, a 


-median count of 0.9 million particles per 


cubic foot of air was determined with a 
minimum value of 0.2, a maximum of 1.2. 


Sulfur Dioxide 


THE SULFUR DIOXIDE concentrations in the 

St. Clair-Marine City area were of par- 
ticular importance to this study because of 
the nature of industry soon to be located 
there. The extensive Detroit Edison power 
plant was to consume about 4,800 tons of 
coal per day. Considering the 3% sulfur 
content, neighborhood air would be con- 
taminated with more than 130 tons of sul- 
fur gases during 24 hours of operation. In 
addition, the proposed Michigan Iron and 
Coke Company would also contribute an ex- 
tensive volume of sulfur gases. 

The Thomas Autometer was used for 
sampling sulfur dioxide at three of the 
eight stations, as indicated in Table IX. 
The concentrations. determined ranged 
from 0.02 to 0.08 parts of SO. per million 
parts of air. Previous study data collected 


COMPARISON OF AVERAGE DAILY PARTICULATE 
LOADING AND PREVAILING WIND DIRECTION 


Date 
it Particulate matter Prevailing wind 
Month Day (Average 8 stations) direction 
April 15 39.4 SW 

16 97.4 Ww 
17 173.6 NW 

18 80.3 Ww 
19 23.2 NW 
20 27.0 NW 
21 140.8 NW 
22 283.3 SW 
23 207.6 SW 
24 59.2 NE 
25 61.0 SW 
26 23.8 SW 
27 40.5 NW 
28 79.7 NE 
29 80.3 NE 
30 100.4 NE 
May 1 82.2 NE 
2 35.9 SE 
3 154.4 SE 
4 191.7 SE 
5 174.8 NE 
6 285.1 NE 
7 239.5 NW 
8 384.6 NW 

9 286.7 Ss 
10 151.7 SW 
ll 208.4 Sw 
12 64.4 NW 
13 — NE 
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lian 
4 
08 
3 
03 
11 
01 
004 
bsent 
bsent 
bsent 
bsent 
Pollu- 
Po in Detroit? during the period May 7 to 
TABLE X. 
R OF 
0.9 
0.8 
0.6 
2.0 
0.5 
0.6 
0.8 
1.0 
VAL- 
ROOF 
238 
_ 563 \ 
0 
0.8 727 
0.4 630 
0s Note Vector vole n 
0.4 tnot-hours 
0.9 
0.3 
0.1 14 123.5 NE 
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June 18, 1951, indicated sulfur dioxide con- 
centrations ranging from 0.05 to 0.10 ppm. 

The similarity of results is surprising 
inasmuch as one area has limited industry 
and the other (Detroit) an extreme in in- 
dustrial concentration. 


Summary of Findings 
1 CITIES having little or no industry exhib- 

* it particulate dust loadings approaching 
levels determined in certain areas of De- 
troit where a high concentration of indus- 
try exists. 

2. Country air, often referred to as clean, 
fresh, invigorating, was found to contain 
significant quantities of particulate matter. 

3. Rainfall had a decided effect on the 
air-borne particulate matter. The loadings 
increased with a decrease in precipitation. 

4. There is some indication that higher 
wind speeds result in lower particulate mat- 
ter loadings by virtue of dilution. 

5. The predominant: elements determined 
spectrographically were calcium, silicon, 
aluminum, magnesium, lead and iron. 

6. There is little or no correlation of the 
amounts of metallic constituents and par- 
ticulate loadings determined. 


June, 1955 


7. Dust counts were made at all eight sta- 
tions indicating a median value of 0.9 mil- 
lion particles per cubic foot of air. 

8. Sulfur dioxide concentrations were de. 
termined at three sampling stations and 
ranged from a minimum of 0.02 parts per 
million to 0.08 parts per million. Previous 
study data collected in Detroit indicated 
sulfur dioxide concentrations ranging from 
0.05 to 0.10 parts per million. 

Although construction has not yet been 
started on the Michigan Iron and Coke 
Company and, apparently, is not imminent, 
the Detroit Edison Company is at the time 
of this writing operating its plant at about 
50% rated capacity. 

Study II will include only an evaluation 
of the Detroit Edison Company’s effect on 
the pollution levels determined in the area 
and Study III will be a final evaluation 
based on the operation and contribution of 
both industrial establishments. 


References 


1. KEENAN, R. G., and Byers, D. H.: Rapid Analyti- 
cal Method for Air Pollution Surveys. AMA Archives of 
Indust. Hyg. and Occup. Med., 6:226, September, 1952. 

2. Report of Results of Sampling Atmosphere in the 
Detroit River Area During 1951, International Joint Com- 
mission. 


Recording Audiometric and Noise Exposure Data 


r THE search for data in the study of the relations of hearing loss to noise exposure, 
it has become evident that no standard method of gathering or recording data is 


available. In an attempt to rectify this situation, the Subcommittee on Noise in Industry 
of the Committee on Conservation of Hearing of the American Academy of Ophthalmol- 
ogy and Otolaryngology has prepared a card for recording data which it feels will be 
applicable to industry in general. A standard card will make it possible to record all the 
pertinent information necessary to study the relations of hearing loss to noise exposure. 
The card has been adapted for use with I.B.M. cards, and a standard code has been 
developed. The Subcommittee hopes that industry will adopt a uniform system of this 
kind, making it possible to obtain large groups of data. Information regarding the card 
or the coding system may be obtained by writing to the Director, Subcommittee on 
Noise in Industry, 111 North Bonnie Brae St., Los Angeles 26, California. 
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HE RELATIVE status of an 
organization is often meas- 
ured by its size. Its accom- 
plishments, however, depend 
on the energy and interest 
of the membership. The pres- 
ent membership of the AMERI- 
CAN INDUSTRIAL HYGIENE AS- 
SOCIATION in relation to the 
total number of people con- 
cerned with industrial hy- 
giene puts it in the position 
of truly representing this field. 
Its accomplishments may be 
measured by the prominence and recogni- 
tion which it now enjoys. The accomplish- 
ments of any organization will be limited 
regardless of its size by the interest, par- 
ticipation, and activities of its members. 

Since its formation in 1939, the Assozia- 
tion has increased several fold in member- 
ship. Along with this have come many and 
varied responsibilities as related to the 
field and profession of industrial hygiene. 
It has been an orderly and natural sequence 
of events in the total process of “growing 
up,” which the Association has experienced. 
During this period, such responsibilities 
have been fully discharged through the able 
efforts of the officers and directors, com- 
bined with support from committees and 
the membership. 

Many people have given generously of 
their time and effort to insure the future of 
the Association. Their contributions have 
not been in vain. However, there is a limit to 
what can be done on a voluntary basis. In a 
recent President’s Page it was pointed out 
that AIHA has reached that limit. As a 
solution to this problem, the Board of Di- 
rectors has approved the employment of a 
part-time paid Executive Secretary. This 
action carries with it responsibilities which 
the Association has not had in the past. 

The functions of the new Executive Sec- 
retary have been outlined and coordinated 
with those of the elected officers and direc- 
tors. In genera!, more work and responsi- 
bility will be required on the part of the 
elected Secretary and Treasurer, along with 


Page 


certain committee chairmen. 
This is not unexpected, but 
should be duly recognized. 

The AIHA will need, in the 
next few months and years, 
the interest of every single 
member. This interest should 
be in the form of participa- 
tion in Association affairs as 
well as financial. There are 
many ways in which members 
can give active support to the 
Association. The officers and 
directors must conduct the 
affairs of the Association in accordance with 
the wishes of the majority of the member- 
ship. In order for the officers and directors 
to know these wishes, it is necessary for 
members of the Association to attend the 
annual meetings and take active part in the 
proceedings. Members should be willing to 
serve on various committees or accept any 
other responsibilities which they may be 
offered. 


N THE APPROACHING period of transition 

for the Association, certain new policies 
and procedures will have to be established. 
It should be realized that experience with 
these has not been possible in the past so 
that such policies must be the result of the 
best judgment at the time. As in any such 
circumstance, actions may be taken or pro- 
cedures followed with which some members 
may disagree. In these cases, constructive 
suggestions from membership will be wel- 
comed. The value of locally voiced criticism 
may be lost since it probably would not 
reach the Association directors. 

In a previous President’s Page the in- 
crease in annual dues was discussed. It was 
pointed out that this increase has been 
brought about due to the cost of a paid part- 
time Executive Secretary. It must be real- 
ized that the cost of living for the Asso- 
ciation has increased in the same fashion 
as other costs. The proposed increase in 
dues is an action already taken by a number 
of other associations and societies but long 
delayed by AIHA. These financial obliga- 
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tions, although new to the Association, 
should be looked upon as operating cost. The 
future of the Association will be determined 
principally by the support of the member- 
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ship. It may call for a little extra work on 
the part of all but the cost will be small in 
comparison to the returns. 

—N. V. HENDRICKs 


HE FOLLOWING is a partial list of articles, 

by titles and authors, from journals re- 
ceived by the AMERICAN INDUSTRIAL HYGIENE 
ASSOCIATION since the March, 1955, issue of 
the QUARTERLY in exchange for copies of the 
QUARTERLY. 

Additional information regarding any of 
the journals or articles may be obtained from: 
CARROL S. WEIL, Senior Industrial Fellow, Mel- 
lon Institute of Industrial Research, 4400 
Fifth Avenue, Pittsburgh 13. 

I. THE JOURNAL OF SCIENCE OF LABOUR 
(JAPAN). Vol. 30, No. 8 (1954). 

The Threshold Limit of Atmospheric Dust 
Concentration. Shinji Katsuki, pp. 481 to 488. 

The following limits were recommended 
by the committee on the threshold limit of 
atmospheric dust concentration: I. Primary 
threshold: a level above which a healthy man 
will develop pneumoconiosis (silicosis) —(a) 
above 10% of free silica, 400 particles per 
cc, or 8 mg. per m? (b) below 10% of free 
silica, 1000 particles per cc, or 20 mg. per m’°. 
II. Secondary threshold: a level, above which 
workers are in danger of contracting silicosis 
of progressive nature—(a) above 10% of free 
silica, 400 to 1000 particles per cc, or 8 to 20 
mg. per m® (b) below 10% of free silica, 2000 
particles per cc, or 40 mg. per m3. 

The dust concentration, in Japan, is usually 
determined with jet dust-counters of the 
Roken-type (devised by the Institute of La- 
bour) or the Funken-type (devised by the 
Committee on Dust Control of the Japanese 
Mining Society). 

Relationship Between Silicosis and Tuber- 
culosis, The Comparison of the Autopsy Find- 
ings and the Clinical Observation. Tatsuo 
Sano, pp. 489 to 502. 

Studies on Physiologic Action of Carbon 
Disulfide Vapor. I. The Rate of Absorption 
and Elimination of CS, in Rabbits. Hiromu 
Kusano, pp. 521 to 530. 

II. THE JOURNAL OF SCIENCE OF LABOUR 
(JAPAN). Vol. 30, No. 9 (1954). 

Theoretical Basis of the Maximum Allow- 
able Limit of Dust Concentration of Silica 


—FROM FOREIGN EXCHANGE JOURNALS 


Dust. Siegezi Koshi and Hiroyuki Sakabe, pp. 
552 to 564. 

On the Change of Auditory Sensitivity Fol- 
lowing Exposure to Loud Tones. Mitsuo 
Morioka and Yoshiaki Ikeda, pp. 565 to 574. 

Fatigue in Hot Atmospheric Conditions. I. 
Change of Physical Functions by Repeated Ex- 
posures. Yoshimi Yamagishi, H. Saiki, S. Ishii 
C. Kim, S. Tokita, Y. Kodama, T. Hoochi and 
M. Ooba, pp. 575 to 581. 

III. THE JOURNAL OF SCIENCE OF LABOUR 
(JAPAN). Vol. 30, No. 10 (1954). 

Fatigue in Hot Atmospheric Conditions. II. 
Changes of Physicomental Functions by Re- 
peated Exposures. (Author same as for part 
I—Vol. 30, No. 9.) 

Studies in Physiologic Action of Carbon 
Disulfide Vapor. Part 2. Distribution and Elim- 
ination of CS, in Tissues of Laboratory Ani- 
mais. Hiromu Kusano, pp. 645 to 650. 

The following conclusions were reached: (1) 
CS, was distributed to the brain, liver, kidneys, 
heart, lungs, spleen, and adrenals in propor- 
tion to the concentration of inhaled CS, 
(which ranged from 60 to 360 ppm for two to 
three hours). It showed special affinity for 
tissues rich in fat such as brain, adrenals, and 
liver. (2) CS, was rapidly removed during the 
first six or seven hours but after that the 
elimination became relatively slow and not 
complete by 20 hours. Therefore, the author 
concluded, the repetition of exposure to the 
vapor will give rise to toxic effect. 

IV. THE JOURNAL OF SCIENCE OF LABOUR (JA- 
PAN). Vol. 30, No. 11 (1954). 

Theoretical Basis of the Maximum Allow- 
able Limit of Dust Concentration of Silica 
Dust. Siegezi Koshi and Hiroyuki Sakabe, pp. 
677 to 690. 

On the Filter Paper Dust Sampler. Toyohiko 
Miura and Kikuzi Kimura, pp. 722 to 729. 

A description of a hand pump operated filter 
paper dust sampler. Dust concentration is 
measured by the use of a photoelectric densi- 
tometer. 

V. THE JOURNAL OF SCIENCE OF LABOUR (JA- 
PAN). Vol. 30, No. 12 (1954). 
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Correction Factors for Jet Dust Counter in 
Regard to Errors Due to Difference of Sam- 
pling Air Volumes. Shigeji Koshi, pp. 778 to 
780. 

Dust particles measured by the jet dust 
counter vary in their concentration when the 
samples are taken at different air volumes. 
This report contains correction factors calcu- 
lated as functions of measured dust concentra- 
tion and of sampling air volume. 

VI. LA MEDICINA DEL LAVORO (ITALY). Vol. 
45, No. 11 (1954). 

Occupational Hazard from Toluene: En- 
vironmental Investigations and Clinical Re- 
search in Chronic Poisoning. L. Parmeggiani 
and C. Sassi, pp. 574 to 583. 

From the results of their studies on workers 
exposed to from 150 to 1900 ppm of toluene 
for many years, the authors concluded that 
the MAC of 200 ppm established by the Gov- 
ernmental Industrial Hygienists is too low. The 
authors state that workers can tolerate for 
many years concentrations of toluene up to 
300 ppm without hazard to health. 

Occupational Poisoning from Paranitroani- 
line: A Clinical Case with Neuritic Symp- 
foms. G. Baldi and A. Raule, pp. 584 to 589. 
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Occupational Disease Caused by Sulfuric 
Acid. A. Raule, pp. 590 to 599. 

For persons not accustomed to the acid, the 
MAC is considered to be about 1 mg./m*. Those 
accustomed to it can stand concentrations three 
to four times higher. Persons chronically ex- 
posed may show lesions of the skin (ecze- 
matous dermatitis, ulcerations, perionychias), 
the respiratory tract (tracheobronchitis), the 
oral cavity (stomatitis), the eyes conjunctivi- 
tis), or the digestive tract (gastritis). 

VII. LA MEDICINA DEL LAVORO (ITALY). Vol. 
45, No. 12 (1954). 

Microdetermination of Lead in Air and in 
Biological Materials by the Titration Method. 
N. Zurlo and G. Meschia, pp. 668 to 674. 

Determination of Quartz in Minerals and 
Dusts. N. Zurlo and A. M. Griffini, pp. 675 
to 690. 

Notes on the Determination of Formaldehyde 
in the Air. N. Zurlo and A. M. Griffini, pp. 692 
to 694. 

Microdetermination of Mercury in the Air 
and in Biological Materials. A. M. Griffini and 
G. C. Gerosa, pp. 695 to 699. 

Silicosis Hazard in the Working of Clays. 
L. Peretti and E. Occella, pp. 700 to 714. 


of 


Chicago 

R. BROWN, Physicist, Industrial Hygiene 

. Department, Western Electric Company, 
discussed “Noise Reduction in a Large Indus- 
trial Plant” at the January meeting of the Chi- 
cago Section. Mr. Brown accompanied his talk 
with slides showing control measures used and 
noise reductions attained. 

HOWARD N. SCHULZ of Abbott Laboratories, 
spoke to the Chicago Section at the February 
meeting. His presentation, “Industrial Hy- 
giene in the Pharmaceutical Industry,” was 
accompanied by interesting slides. 

At the March meeting HERBERT WALWORTH, 
discussed “New Activities of the AMERICAN 
INDUSTRIAL HYGIENE ASSOCIATION.” 


Northern California 

HE NORTHERN CALIFORNIA Section met 

March 8, at the El Jardin Restaurant, San 
Francisco. With 64 members and guests pres- 
sent, this was the largest attendance ever at a 
meeting of this section. The formal part of 
the meeting featured a discussion by LESTER 
BRESLOW, M.D., Chief, Bureau of Chronic Dis- 
eases, California Department of Public Health. 


His talk on “Air Pollution,” was followed by 
comments and questions from the audience. 

On May 10, the Section held a dinner at the 
Villa DeLaPaix, Oakland. The speaker was 
IRVING S. ROSENBLATT, JR.; attorney-at-law, 
whose subject was “Workmen’s Compensation 
Laws as They Relate to the Handicapped 
Worker.” MR. ROSENBLATT is a graduate of the 
Harvard Law.School and has done much work 
in the field of Workmen’s Compensation. 


New Jersey 


TH NEW JERSEY Section met at The Hotel 
Douglas, Newark, April 21. The speaker 
was MICHAEL A. GIMBEL, Safety Director, Rohm 
& Haas Company, Bridesburg Division, Phila- 
delphia. MR. GIMBEL’S subject was “Protecting 
the Worker in Industry” and the presentation 
was accompanied by slides and a movie taken 
at the Bridesburg Division. That MR. GIMBEL 
practices what he advises is substantiated by 
the 6,458,000 man hours worked at his division 
since August, 1953, with no lost time. 
Nominated for the following offices were: 
President—-MIRIAM SACHS, M.D., New Jersey 
State Department of Health; President-Elect 
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—JEROME C. FLATO, Western Electric Company, 
Kearny; Secretary-Treasurer—DONALD B. RO- 
BINSON, Merck & Company, Rahway; Execu- 
tive Committee Member—JOHN P. BRADY, Edel 
Laboratories, Newark. 


Southern California 


A DINNER MEETING was held by the Southern 

California Section May 12, at Botwins 
Restaurant, Los Angeles. General discussion 
topic was “Industrial Waste Disposal.” J. T. 
NICHOLSON, Division Manager for Southern 
California Nalco, discussed “Liquid Waste Dis- 
posal.” “Atmospheric Waste Disposal’ was 
the subject of R. Vv. SLOAN, Senior Engineer, 
American Air Filter Company and L. B. SILVER- 
MAN, Chief Health Physics Atomic Energy 
Project, U.C.L.A. discussed ‘Radioactive 
Waste Disposal.” 

Southern California Section Officers for 
1955 are as follows: President—BIRCHARD M. 
BRUNDAGE, M.D., Atomic Energy Project, 
U.C.L.A.; President-Elect—PAUL E. CAPLAN, 
California Dept. of Public Health; Secretary- 
Treasurer—LOUIS B. SILVERMAN, Atomic 
Energy Project, U.C.L.A. 

Executive Committee members include: Al- 
bert L. Chaney, (Past President) Chaney 
Chemical Laboratory; Harold V. Brown, Divi- 
sion of Occupational Health U.C.L.A.; George 
Henderson, Mine Safety Appliances Company; 
and Richard V. Sloan, American Air Filter 
Company. 


St. Louis 
TH LAST meeting of the 1954-55 season was 
held by the St. Louis Section at the Mel- 
bourne Hotel on May 31. The speaker was 
JOHN WAGGETT, Manager of Employee Serv- 
ices, A. P. Green Fire Brick Company, Mexico, 
Missouri. His subject was “Aluminum Therapy 
in Silicosis Control.” 


the Vhews 


IEUTENANT COLONEL ALVIN F. MEYER, JR., 
Chief, Preventive Medicine Branch, ‘Head- 
quarters Strategic Air Command, was recent- 
ly presented the U.S. Air Force’s Commenda- 
tion Ribbon. The citation accompanying the 
award read, in part: “COLONEL MEYER dis- 
tinguished himself by meritorious service as 
Deputy, Preventive and Industrial Medical 
Branch, Headquarters Air Materiel Command, 
from October 10, 1948 to July 15, 1954. As a 
result of his outstanding ability, foresight 
and initiative a sound and effective medical 
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and occupational health program for military 
and civilian personnel of Air Materiel Com- 
mand has been established. He assisted im- 
measurably in developing management’s 
awareness of the integrated role of the gen- 
eral invironmental and preventive medical as- 
pects of adverse occupational exposure. His 
public appearances and professional writings 
have done much to improve the understanding 
of Air Force health and sanitation problems, 
The professional stature he has achieved re- 
flects great credit upon himself, the Air Ma- 
teriel Command and the United States Air 
Force.” 

COLONEL MEYER served in Germany following 
World War II and upon his return to the 
United States in October, 1948, was assigned 
to Air Materiel Command where he was re- 
sponsible for staff surveillance and technical 
supervision of the environmental health pro- 
gram. COLONEL MEYER is a member of the 
American Industrial Hygiene Association. 


HE APPOINTMENT of 
F. MORGAN to 
head a section of In- 
dustrial Hygiene in the 
Medical Department of 
the Pennsylvania Rail- 
road was announced by 
DR. NORBERT J. ROBERTS, 
Medical Director. MR. 
MORGAN was formerly 
head chemical hygienist 
of Industrial Hygiene 
Foundation, Mellon In- 
stitute. He is a gradu- 
ate of George Washington University and 
engaged in special studies at Georgetown 
University and the Harvard School of Pub 
lic Health. As a lieutenant in the Naval 
Reserve during World War II, he _ par- 
ticipated in the joint Navy-Maritime Com- 
mission shipyard health program under the 
direction of DR. PHILIP DRINKER. Pennsylvania 
Railroad is the first American railroad to es 
tablish a section of Industrial Hygiene. 


Change of Address 


AMERICAN INDUSTRIAL HYGIENE ASSOCIA- 
TION announces the appointment of a new 
Executive Secretary and a change in the busi 
ness address of the ASSOCIATION. After June 
1, 1955, all communications should be directed 
to: 

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION, 
' GEORGE D. CLAYTON, Executive Secretary, 

14125 Prevost, 

Detroit 27, Michigan. 


James Morgan 
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